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Chapter  1 

FREQUENCY  DIVISION  MULTIPLEX  (FDM)  TEST  PROCEDURES 

I .0  General 

The  following  test  evaluates  system  performance  characteristics.  The 
end  product  of  the  frequency  division  multiplex  (FDM)  test  is  a  plot  or 
tabulation  of  ratios  vs.  the  equivalent  received  power  flux  (Ja)  at 
the  surface  of  the  receiving  antenna  for  selected  notch  frequencies.  It 
is  assumed  that  prior  to  conducting  the  FDM  system  test,  the  prerequisite 
tests  for  determining  Jg  have  been  completed. 


Noise  Power  Ratio 


1.1.1  Purpose  -  This  test  determines  the  ratio  of  noise  in  the  test 
channel  when  all  channels  are  loaded  with  white  noise,  to  noise  in  the 
test  channel  when  all  channels,  except  the  test  channel,  are  fully  noise 
loaded. 


1.1.2  Test  Equipment: 


Noise  source 
Noise  receiver 
Band  reject  filters 
Band-pass  filters 


1.1.3  Test  Method: 


1.1. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  1.1-1  to 
apply  the  general  NPR  procedure  illustrated  in  figure  1.1-2. 

1.1. 3. 2  Condi tions  -  The  test  equipment  used  and  test  conditions  em¬ 
ployed  should  meet  the  following  criteria: 


1.1. 3. 2.1  The  notch  frequencies  shall  include  14,  34,  70,  105,  152, 
185  kHz.  The  capability  shall  be  provided  for  additional  notches  at 
higher  and  lower  notch  frequencies  as  required. 


1.1. 3. 2. 2  Base-band  frequencies  shall  include  12-108  kHz 
12-204  kHz. 


1.1. 3. 2. 3  The  notch  filter  shall  be  down  at  least  70  dB  over  a  bandwidth 
of  at  least  3  kHz.  The  change  in  power  between  notch  in  and  notch  out 
shall  be  less  than  1  dB  for  all  base  bands  listed  in  subparagraph  1.1. 3. 2. 2 


ax Lift 


raw 
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1.1. 3. 2. 4  The  effective  bandwidth  of  the  band-pass  filter  shall  be 
1  kHz. 

1.1. 3. 2. 5  The  back-to-back  (S+N)/N  of  the  notch  noise  tester  shall  be 
at  least  65  dB  for  all  notch  frequencies. 

1.1. 3. 2. 6  With  the  test  RF-FM  signal  generator  and  the  test  FM  re¬ 
ceiver,  the  (S+N)/N  shall  be  at  least  50  dB  for  all  notch  frequencies 
under  the  following  conditions: 

1.1. 3. 2. 6.1  The  base-band  signal  shall  be  contained  between  12  kHz  and 
200  kHz  with  flat  taper. 

1.1. 3. 2. 6. 2  The  rms  carrier  deviation  shall  be  at  least  150  kHz  rms. 

1.1. 3. 2. 6. 3  A  large  SNR  (40  dB  or  more)  shall  be  in  the  receiver  IF. 

The  signal  generator  shall  cover  the  telemetry  band  of  interest  with  a 
frequency  stability  consistent  with  RCC  Document,  I  RIG  106,  "Telemetry 
Standards. " 

1.1. 3. 2. 6. 4  The  scale  resolutions  for  all  (S+N)/N  measurements  shall  be 
less  than  1  dB. 

1.1. 3. 3  Procedure  -  The  following  example  demonstrates  the  procedure 
used  for  this  test. 

1.1. 3. 3.1  The  signal  generator  output  level  was  set  to  produce  an  SNR 
of  20  dB  in  the  intermediate  frequency  amplifier.  In  simulating  a 
mission  format  for  this  test,  the  rms  carrier  deviation  was  set  to 

93  kHz,  and  the  base  band  used  was  108  kHz. 

1.1. 3. 3. 2  The  NPR  observed  in  the  various  notches  is  shown  in 
figure  1.1-3  a.  and  figure  1.1-3  b. 

1.1. 3. 4  Data  Reduction  -  Plot  or  tabulate  NPR  as  the  ordinate  and  notch 
frequency  as  the  abscissa  for  each  IF  SNR.  Refer  to  figure  1.1-4. 
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Chapter  2 

TIME  DIVISION  MULTIPLEX  (TDM)  SYSTEMS 


2.0  General 


2.0.1  System  tests  are  those  that  include  the  entire  telemetry  ground 
station  from  the  input  to  the  antenna  to  the  output  of  the  system.  More 
specifically,  time  division  multiplex  (TDM)  system  tests  test  the  ground 
system  to  characterize  its  performance  when  the  telemetry  data  format  is 
a  TDM  format.  The  performance  of  the  TDM  system  is  plotted  against  the 
equivalent  received  power  flux  density  falling  at  the  surface  of  the 
receiving  antenna.  Since  no  single  test  may  completely  describe  the 
performance  of  the  ground  system  in  support  of  a  specific  TDM  format, 
several  tests  may  be  necessary  as  is  the  case  in  pulse  code  modulation 
(PCM). 

2.0.2  System  tests  involve  carrier  modulated  signals  which  are  gen¬ 
erally  frequency  or  phase  modulated  although  other  types  of  modulation 
can  also  be  used.  Specific  test  signals  are  either  pulse  code  modu¬ 
lation  (PCM)  or  pulse  amplitude  modulation  (PAM).  It  is  assumed  that 
prior  to  conducting  TDM  system  tests,  the  prerequisite  tests  for  de¬ 
termining  Ja,  the  power  flux  density  (watts/m2)  at  the  surface  of  the 
receiving  antenna,  have  been  completed. 

2.0.3  The  RF  test  equipment  for  generating  frequency  (or  phase)  mod¬ 
ulated  TDM  signals  should  cover  the  telemetry  band  of  interest  and 
should  provide  the  capability  to  satisify  the  mission  requirements. 
Suggested  test  equipment  requirements  are: 

2. 0.3.1  Base-band  response  from  d.c.  to  1  MHz  flat  to  ±2  dB. 

2.0. 3.2  Peak-to-peak  frequency  modulation  capability  adjustable  from 
700  Hz  to  7  MHz. 

2. 0.3. 3  Peak  frequency  deviation  meter  to  cover  this  range  with  an 
error  not  more  than  10  percent  of  the  meter  reading. 

2. 0.3. 4  Peak-to-peak  carrier  phase  modulation  from  tt/2  to  *  radians 
continuously  adjustable. 

2. 0.3. 5  Peak  phase  deviation  meter  to  cover  this  range  with  not  more 
than  3  percent  error. 

2.1  PCM  Testing 

2.1.1  Bit  Error  Probability  (BEP)  Tests 

2. 1.1.1  BEP  vs.  Equivalent  Received  Power  Flux  (Ja) 

2. 1.1. 1.1  Purpose  -  This  test  characterizes  the  performance  of  a  telem¬ 
etry  receiving  system  when  the  signal  data  is  PCM.  It  also  involves  the 


measurement  of  BEP  vs.  Ja.  Three  separate  test  configurations  apply  to 
measuring  BEP.  They  are  test  conditions  A,  B  and  C  and  are  presented  in 
subparagraphs  2. 1.1. 2,  2. 1.1. 3  and  2. 1.1. 4,  respectively. 

2. 1.1. 1.2  Test  Equipment: 

RF  signal  generator  -  employ  the  same  generator  used  in  the  cal¬ 
culation  of  a  in  RF  systems'  tests  described  in  I  RIG  118-79,  Volume  II. 
Only  the  modulation  signal  needs  to  be  changed. 

BEP  measuring  equipment  -  refer  to  test  configuration  A,  B  or  C. 

2. 1.1. 1.3  Test  Method: 

2. 1.1. 1.3.1  Setup  -  none 

2. 1.1. 1.3. 2  Conditions  -  Refer  to  subparagraph  2.0.3. 

2. 1.1. 1.3. 3  Procedure: 

2.1 .1 .1 .3.3.1  Determine  the  carrier  predetection  bandwidth,  PCM  wave¬ 
form  test  patterns,  type  and  depth  of  modulation,  bit  rate,  and  range  of 
BEP  values  to  be  tested. 

2.1 .1 .1 .3.3.2  Point  the  antenna  at  the  quiet  sky  and  at  least  3-antenna 
beamwidths  from  any  radio  sources  and  set  up  in  the  mission  configuration. 

2.1 .1 .1 .3.3.3  Vary  the  output  (Ps)  of  the  RF  test  signal  generator 
using  the  a  determined  by  the  RF  systems'  test  procedure.  Tabulate  BEP 
vs.  Ps  vs.  da. 

2. 1.1. 1.3. 4  Data  Reduction  -  Tabulate  and  plot  BEP  and  Ps.  Calculate 
and  plot  Ja  as  shown  in  the  following  sample. 

(Calculated) 


BEP 

Ps  (dBw) 

Ja  watts/m 

a 

10"1 

-102 

-139.5 

io-2 

-97 

-134.5 

lO-3 

-94 

-131.5 

10-4 

-92.5 

-130.0 

10"5 

-91 

-128.5 

The  third  column  is  calculated  using  a  as  determined  in  I  RIG  118-79, 
Volume  I,  Appendix  I-A.  A  plot  is  made  of  BEP  vs.  Ja  in  dB  (watts  m-2) 
as  shown  in  figure  2. 1.1. 1-1.  A  data  sheet  can  be  easily  prepared  as 
shown  above  with  plotting  done  on  standard  5-cycle  semi -logarithmic 
paper. 


2. 1.1. 2  BEP  Test  Configuration  A 


2. 1.1. 2.1  Purpose  -  This  test  measures  BEP  using  a  PCM  simulator. 

2. 1.1. 2. 2  Test  Equipment: 

PCM  pattern  simulator 
Low-pass  filter 
RF  signal  generator 
Error  comparator 
Error  counter 

2.1 .1 .2.3  Test  Method: 


2. 1.1. 2. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  either 
figure  2. 1.1. 2-1  or  2. 1.1. 2-2. 

2. 1.1. 2. 3. 2  Condi tions  -  Refer  to  subparagraph  2.0.3. 

2. 1.1. 2. 3. 3  Procedure: 

This  test  is  used  in  stations  where  a  PCM  simulator,  bit  synchronizer, 
error  comparator,  and  error  counter  exist.  Two  variations  of  this  test 
can  be  run,  i.e.,  real  time  as  shown  in  figure  2. 1.1. 2-1  or  post  time  as 
shown  in  figure  2.1.1. 2-2 ,  using  a  recorded  pattern.  Both  variations 
allow  closed-loop  testing  of  the  system.  If  the  PCM  test  pattern  is 
pre-  or  postdetection  recorded  on  magnetic  tape  and  played  back  through 
the  system  bit  synchronizer  as  shown  in  figure  2. 1.1. 2-2,  a  pattern 
regenerator  should  be  utilized.  This  regenerator  could  be  the  same  PCM 
simulator  utilized  for  generating  the  PCM  test  pattern,  provided  that  a 
clock  input  and  frame  synchronization  input  to  the  simulator  are  avail¬ 
able  for  loading  and  synchronization  purposes. 

2. 1.1. 2. 3. 4  Data  Reduction  -  Use  the  same  data  sheets  discussed  in 
subparagraph  2. 1.1. 1.3. 4.  Tabulate  BEP  and  Ps.  Calculate  Ja  and  tab¬ 
ulate  along  with  BEP  and  Bs.  Plot  BEP  vs.  Ja. 

2 . 1 . 1 . 3  BEP  Test  Configuration  B 


2. 1.1. 3.1  Purpose  -  This  test  measures  BEP  using  a  pseudo  noise  (PN) 
test  pattern  generated  by  a  maximal  length  shift  register. 

2. 1.1. 3. 2  Test  Equipment  -  Configure  an  11-position  shift  register  for 
maximal  length  operation  as  shown  in  figure  2. 1.1. 3-1.  Use  the 
resistor  with  an  external  clock  as  the  PN  test  pattern  source. 

2.1 .1 .3.3  Test  Method: 


2. 1.1. 3. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  2. 1.1. 3-2. 


2. 1.1. 3. 3. 2  Conditions  -  Refer  to  subparagraph  2.0.3. 

2. 1.1. 3. 3. 3  Procedure: 

2.1 .1 .3. 3. 3.1  It  is  recommended  that  a  PN  test  pattern  be  utilized 
whenever  possible.  One  reason  for  this  is  that  a  PN  sequence  can  be 
generated  and  synchronized  economically  by  a  shift  register  with  feed¬ 
back  configured  for  a  maximum  length  sequence.  The  number  of  positions 
in  the  shift  register  and  the  feedback  connections  uniquely  determine 
the  test  pattern  which  has  been  adopted  by  ranges  and  users  and  allows 
the  exchange  of  test  data  without  ambiguity.  In  this  connection  an  11- 
position  shift  register  is  recommended  with  feedback  summed  modulo  two 
from  positions  9  and  11.  The  sequence  will  be  2047  bits  long  which 
corresponds  roughly  to  the  frame  lengths  used  for  nonreturn  to  zero 
(NRZ)  and  exercises  the  low-frequency  response  of  elements  of  the  system. 
This  is  important  because  with  NRZ  the  lack  of  d.c.  response  causes  zero 
wander  of  the  bit  stream  in  accordance  with  the  fractional  amount  of 
near-d.c.  power  lost.  In  addition,  the  sequence  will  contain  11  binary 
Is  followed  by  9  binary  Os,  thus  exercising  the  bit  synchronizer  with 
only  1  NRZ  transition  in  19  bits,  3  in  29  bits,  5  in  39  bits,  7  in  49 
bits,  etc. 


2.1 .1 .3.3.3. 2  The  synchronization  of  the  PN-PCM  test  pattern  regenera¬ 
tor  shown  in  figure  2. 1.1. 3-1  is  discussed  in  the  reference.  Because  of 
the  autocorrelation  properties  of  a  PN  sequence,  it  is  possible  to 
synchronize  a  slave  shift  register  to  an  incoming  PN  bit  stream  (plus 
noise)  by  cross  correlation.  This  is  carried  out  by  coherent  or  non¬ 
coherent  methods.  The  test  data  given  in  the  reference  indicate  that  the 
noncoherent  method  is  adequate  for  tests  in  which  the  BEP  is  less  than  0.01. 

2.1 .1 .3.3.3. 3  The  noncoherent  method  of  synchronization  makes  use  of 
the  clock  from  a  data  bit  synchronizer.  Since  data  bit  transitions 
occur  at  random,  a  nonlinear  operation  is  required  in  the  data  bit 
synchronizer  to  generate  discrete  frequency  components  at  the  bit  rate 
and  its  harmonic.  Figure  2. 1.1. 3-1  is  a  schematic  of  the  noncoherent  PN 
synchronizer.  The  clock  from  the  bit  synchronizer  is  used  to  drive  the 
shift  register  and  the  NRZ  bit  stream  out  of  the  bit  detector,  and  is 
used  to  load  the  shift  register  by  throwing  the  switch  to  the  load 
position.  The  switch  is  then  thrown  to  the  feedback  position,  and,  if 
there  are  no  errors  in  the  loaded  bits,  the  shift  register  is  in  lock 
with  the  input  PN  waveform.  It  will  stay  in  lock  until  bit  slippage 
occurs  in  the  bit  synchronizer.  If  one  or  more  errors  are  loaded  into 
the  register,  the  shift  register  is  not  locked,  and  because  of  the 
autocorrelation  properties  of  the  PN  sequence,  the  error  rate  is  nearly 
50  percent.  If  the  error  rate  for  example  is  10-2,  the  register  is 
locked.  If  it  is  not  locked,  (error  rate  approximately  0.5),  the  switch 
is  returned  to  the  load  position  and  the  process  repeated  until  lock  is 
obtained.  In  operational  hardware,  the  whole  loading  operation  can  be 
done  automatically. 
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2. 1.1. 3. 3. 4  Data  Reduction  -  Use  the  same  data  sheets  discussed  in 
subparagraph  2.1 .1 .1 .3.4.  Tabulate  BEP  and  Ps.  Calculate  Ja  and  tabulate 
along  with  BEP  and  P  .  Plot  BEP  vs.  Ja. 


2. 1.1. 4  BEP  Test  Configuration  C 

2. 1.1. 4.1  Purpose  -  This  test  measures  BEP  using  operational  hardware, 
i .e. ,  a  PCM  test  set. 

2. 1.1. 4. 2  Test  Equipment: 

PCM  test  set 

2.1 .1 .4.3  Test  Method: 


2. 1.1. 4. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  2. 1.1. 3-2. 
The  test  set  transmitter  portion  in  this  case  will  serve  as  the  PCM/PN 
test  pattern  generator  and  the  test  set  receiver  portion  will  serve  as 
ti.  synchronized  PN-PCM  test  pattern  regenerator. 


2. 1.1. 4. 3. 2  Conditions  -  Refer  to  subparagraph  2.0.3.  In  addition,  PCM 
test  sets  which  utilize  PN  autocorrelation  methods  with  either  coherent 
or  noncoherent  synchronization  should  have  the  following  characteristics: 

2.1 .1 .4. 3.2.1  The  test  PN  sequence  shall  be  2047  bits  in  length. 

2.1 .1 .4. 3.2.2  The  PN  generator  shall  include  an  internal  clock  con¬ 
tinuously  variable  over  the  range  of  10  bits/sec  to  106  bits/sec.  The 
stability  shall  conform  to  I  RIG  Standards  for  PCM  which  are  contained  in 
I  RIG  Standard  106.  Provisions  for  acceptance  of  external  clock  shall  be 
included. 

2.1 .1 .4.3. 2.3  Provision  shall  be  made  for  including  in  the  test  format 
an  arbitrary  word  of  not  more  than  33  bits  at  selectable  integer  mul¬ 
tiples  of  the  PN  sequence  period. 

2.1 .1 .4. 3.2.4  Two  bit  pulse  waveforms  shall  be  selectable;  namely,  NRZ 
and  split  phase. 

2.1 .1 .4. 3.2.5  The  PN  test  receiver  shall  include  a  PN  sequence  synchro¬ 
nizer,  error  comparator  and  error  counter  with  a  capacity  for  at  least 
1000  errors. 

2.1 .1 .4. 3.2.6  The  PN  test  receiver  shall  provide  PN  sequence  pattern 
and  bit  clock  outputs. 


2.1 .1 .4. 3. 2. 7  The  PN  test  receiver  shall  employ  an  integrate-and-dump 
bit  detector  using  the  bit  clock  output  from  subparagraph  2.1 .1 .4. 3.2.6 
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2.1 .1 .4.3. 2. 8  The  PN  receiver  shift  register  clock  shall  be  derived  by 
efficient  utilization  of  the  autocorrelation  of  the  PN  waveform. 


2.1 .1 .4. 3.2.9  Provisions  shall  be  made  to  indicate  the  time  required  to 
accumulate  the  bit  error  count. 


2. 1.1. 4. 3. 3  Procedure  -  N/A 

2. 1.1. 4. 3. 4  Data  Reduction  -  Use  the  same  data  sheets  discussed  in 
subparagraph  2.1 .1 .1 .3.4.  Tabulate  BEP  and  Ps.  Calculate  J  and  tabulate 
along  with  BEP  and  Ps.  Plot  BEP  vs.  Ja. 


2.1.2  Other  PCM  System  Tests 


2. 1.2.1  In  addition  to  BEP  system  testing,  other  tests  may  be  conducted 
using  similar  test  methods.  The  use  of  the  PCM  test  set  is  recommended 
for  conducting  bit  slippage  probability  tests,  bit  synchronization  ac¬ 
quisition  tests  and  bit  jitter  tests. 

2. 1.2. 2  The  test  set  pattern  generator  shall  be  used  in  conjunction 
with  the  same  RF  generator  used  in  the  determination  of  a  and  Ja.  The 
major  difference  between  system  testing  and  component  testing  using  PCM 
test  sets  is  that  system  testing  uses  the  received  signal  power  flux 
density  (Ja)  as  the  independent  variable  and  component  testing  uses  the 
predetected  IF  SNR  as  the  independent  variable. 

2. 1.2. 3  It  may  be  necessary  to  conduct  all  of  the  tests  mentioned  in 
subparagraph  2. 1.2.1  as  system  tests.  For  any  given  ground  station 
configured  in  support  of  a  PCM  format,  it  may  be  advantageous  to  conduct 
only  BEP  tests  with  the  option  of  introducing  base-line  wander  and  AM 
effects  to  create  a  more  realistic  situation.  Refer  to  chapter  4  of 
this  volume  for  the  test  procedures  for  bit  synchronizers  which  use  PCM 
test  sets. 
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SUBCARRIER  OSCILLATORS 
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3.0  General 

3.0.1  The  purpose  of  subcarrier  oscillator  (SCO)  evaluation  is  the 
acquisition  and  distribution  of  performance  information  that  will  be 
useful  to  groups  engaged  in  telemetry  and  missile  instrumentation 
activities.  To  be  of  maximum  benefit,  published  performance  information 
on  a  given  model  should  be  in  a  form  that  can  be  readily  compared  with 
information  on  other  SCO  models  which  may  have  been  tested  by  other 
groups.  Uniformity  of  test  procedures  used  by  testing  groups  is  im¬ 
portant  for  obtaining  valid  comparisons  of  SCO  performance  and  for 
performing  periodic  checks  on  installed  equipment,  or  acceptance  tests 
on  new  equipment.  The  SCOs  to  be  evaluated  by  this  procedure  are  used 
for  multiplexing  data  within  a  telemetry  ground  station. 

3.0.2  Performance  tests  are  recommended  for  all  I  RIG  subcarrier  bands 
intended  for  use  in  the  particular  application.  To  minimize  measurement 
errors,  energize  the  test  equipment  from  a  regulated  line  and  conduct 
the  tests  in  a  room  where  ambient  temperature  variations  are  small. 

When  tests  require  the  measurement  of  voltages  or  currents  with  a  high 
order  of  precision  or  when  the  measurement  of  low-level  voltages  or 
currents  is  required,  particular  care  should  be  given  to  the  design  of 
the  test  setup  to  avoid  the  error-producing  effects  of  ground-loop 
currents.  The  use  of  an  isolation  power  transformer  is  desirable. 

Observe  the  practice  of  bringing  all  ground  leads  to  one  common  point. 

3.0.3  To  assure  uniformity  of  testing,  the  following  setup  procedures 
and  preliminary  adjustments  should  be  completed  before  the  individual 
tests  are  conducted. 

3. 0.3.1  Place  the  SCOs  under  test  in  a  temperature-controlled  chamber, 
and  maintain  the  chamber  at  30°C±1°C  (303.2K±1K)  unless  otherwise  in¬ 
dicated  in  the  test  procedure.  If  a  temperature  chamber  is  not  avail¬ 
able,  ambient  temperature  variations  must  be  kept  as  small  as  possible 
so  that  the  effects  of  controlled  test  parameter  variations  are  not 
influenced  by  temperature  fluctuations.  For  similar  reasons,  the  supply 
voltages  for  the  SCOs  under  test  must  be  carefully  adjusted  and  regulated. 

3.0. 3.2  Adjust  the  supply  voltage(s)  to  the  level (s)  recommended  by  the 
manufacturer  and  allow  a  15-minute  warmup.  Adjust  the  appropriate 
controls  on  the  SCO  so  that  the  input  signal  voltage  level  and  excursion 
recommended  by  the  manufacturer  will  produce  full  I  RIG  bandwidth  output 
frequency  excursion  centered  within  the  band.  Also  adjust  the  amplitude 
control  to  produce  the  maximum  output  signal  amplitude.  Apply  the 
maximum  output  load  comparable  to  the  application. 
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3.1  Control  Range(s) 

3.1.1  Purpose  -  This  test  determines  the  ranges  of  controls  which  are 
provided  to  adjust  deviation  sensitivity,  reference  frequency  and  output 
level . 

3. 1.1.1  The  sensitivity  control  adjusts  the  magnitude  of  input  voltage 
excursion  required  to  produce  full  I  RIG  bandwidth  output  frequency 
excursion.  The  reference  frequency  control  adjusts  the  output  frequency 
which  is  produced  when  the  input  signal  terminals  are  shorted.  De¬ 
pending  upon  the  manufacturer's  design,  the  nominal  reference  frequency 
may  correspond  to  the  center  of  the  band  or  to  either  of  the  band  edges. 

The  output  level  control  adjusts  the  amplitude  of  the  subcarrier  output 
signal . 

3. 1.1. 2  Certain  models  may  feature  all  three  of  the  controls,  while 
other  models  may  have  only  one  or  two  controls.  Still  other  models  may 
have  a  control  to  adjust  each  of  the  band-edge  frequencies  but  no  reference 
frequency  control.  The  following  test  procedure  applies  to  models  which 
include  the  three  controls  listed  in  subparagraph  3.1.1. 

3.1.2  Test  Equipment: 

>XKk  D.C.  signal  source 

^  D.C.  voltmeter 

Frequency  counter 

A.  C.  voltmeter  (true  rms) 

3.1.3  Test  Method: 

3. 1.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.1-1. 


Figure  3.1-1  Control  Range(s). 

$ 
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3. 1.3. 2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3. 1.3. 3  Procedure: 

3. 1.3. 3.1  Measure  the  input  voltage  excursion  required  to  produce  a 
full  bandwidth  output  frequency  excursion  with  the  sensitivity  control 
set  first  to  the  maximum  mechanical  position  and  then  to  the  minimun 
mechanical  position. 

3. 1.3. 3. 2  Short-circuit  the  input  terminals  and  measure  both  the  min¬ 
imum  and  maximum  frequency  produced  by  adjusting  the  reference  frequency 
control  through  its  full  mechanical  range. 

3. 1.3. 3. 3  Apply  a  d.c.  input  voltage  to  produce  an  output  frequency 
corresponding  to  the  band  center.  Measure  both  the  minimum  and  maximum 
output  signal  amplitude  for  both  minimum  and  maximum  settings  of  the 
output  level  control. 

3. 1.3. 3. 4  Record  data  on  Data  Sheet  3.1.1. 


CONTROL  RANGE 


DATA  SHEET  3.1.1 


CONTROL  RANGES 


SENSITIVITY 
(VOL  TSp.p/BANOWtD  TH) 


(VOLTS  RMS) 


3.2  Linearit 


3.2.1  Purpose  -  This  test  determines  the  deviation  of  the  output 
frequency  vs.  the  input  voltage  characteristics  from  a  straight  line 
drawn  through  the  end  points  (band  edges). 


3.2.2  Test  Equipment: 


Variable  d.c.  source 
Precision  voltmeter 
Electronic  frequency  counter 


3.2.2. 1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.2-1. 


Figure  3.2-1  Linearity  Measurement. 


3. 2. 2. 2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3.2.2. 3  Procedure: 

3.2.2. 3.1  Measure  the  input  voltages  required  to  produce  11  equally 
spaced  output  frequencies  covering  the  subcarrier  band  by  using  the  pre¬ 
cision  voltmeter  and  the  frequency  counter. 

3.2. 3. 3.2  The  measured  data  can  be  plotted  on  a  scale  with  greatly 
increased  resolution  if  an  arbitrary  slope  (approximating  the  data 
slope)  is  first  subtracted  from  the  data.  A  straight  line  can  then  be 
passed  through  the  end  points  and  the  deviation  of  each  data  point  from 
the  straight  line  can  be  determined  with  much  higher  resolution. 

3.2. 3. 3. 3  Express  deviation  from  linearity  as  a  percentage  of  bandwidth. 
Give  such  deviation  a  positive  sign  when,  for  a  selected  input  voltage 
level,  the  output  frequency  is  greater  than  the  corresponding  point  on 
the  line  through  the  end  points. 

3. 2. 3. 3. 4  Record  data  on  Data  Sheet  3.2.1. 
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3 . 3  Amplitude  Modulation  (AM) 

3.3.1  Purpose  -  This  test  determines  the  change  of  output  signal 
amplitude  as  the  subcarrier  frequency  is  changed  through  the  band  from 
one  band  edge  to  the  other. 

3.3.2  Test  Equipment: 

D.C.  signal  source 
Electronic  frequency  counter 
A.C.  voltmeter  (true  rms) 

3.3.3  Test  Method: 

3. 3. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.3-1. 


Figure  3.3-1  Amplitude  Modulation. 


.3  3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

7  3.3.^  Procedure: 

3. 3. 3. 3.1  With  the  input  amplitude  adjustment  set  at  maximum,  vary  the 
d.o.  input  signal  to  cause  the  output  frequency  to  cover  the  full  ex¬ 
cursion  from  one  ba^d  edge  to  the  other  and  measure  the  minimum  and  the 
maximum  output  signa  amplitudes  within  the  band. 

3. 3. 3. 3.2  Calculate  percent  AM  from  the  equation: 

%  AM  =  ( (Emax"^min)/^max+^min) )x  100 

3. 3. 3. 3. 3  Adjust  the  output  frequency  to  band  center  and  reduce  the 
output  signal  amplitude  to  70  percent  of  its  former  value.  Repeat  the 
measurements  of  AM  as  outlined  above. 

3. 3. 3. 3.4  Record  data  on  Data  Sheet  3.3.1. 


# 
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3.4.1  Purpose  -  This  test  determines  the  distortion  of  the  output  sub¬ 
carrier  waveform  at  selected  output  amplitudes  and  output  loads  (sine- 
wave  outputs  only).  Use  either  a  distortion  analyzer  or  a  wave  analyzer 
to  measure  output  distortion.  If  a  distortion  analyzer  is  used,  the 
effects  of  all  of  the  distortion  producing  components  (within  the  band¬ 
width  of  the  test  instrument)  are  lumped  together.  If  a  wave  analyzer 
is  used,  it  is  necessary  to  search  for  and  measure  the  amplitude  of  the 
individual  distortion  components  and  then  calculate  the  distortion. 

This  test  may  be  conducted  concurrently  with  measurement  of  output 
loading,  test  3.7. 


3.4.2  Test  Equipment: 


D.C.  signal  source 
Electronic  frequency  counter 
Distortion  analyzer  or  wave  analyzer 


3.4.3  Test  Method: 


3. 4. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.4-1. 


Figure  3.4-1  Output  Distortion. 


NOTE 

In  making  these  measurements ,  care  should  be  taken 
to  use  short ,  unshielded  leads  between  the  output 
terminal  and  the  measuring  instruments,  since 
capacitive  loading  is  one  of  the  test 
parameters.  Terminate  the  oscillator  with 
a  2ktt  resistive  load  or  lower,  depending 
on  its  application. 
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3. 4. 3. 3. 2  Reduce  the  output  subcarrier  amplitude  to  70  percent  of 
maximum  amplitude  and  repeat  the  measurements  outlined  in  step  3.4.3.3.I. 


3.4. 3. 3. 3  Readjust  the  output  amplitude  to  maximum  and  apply  a  nominal 
capacitive  load  to  the  output  terminals  (in  addition  to  the  resistive 
load)  consistent  with  the  intended  application. 

3. 4. 3. 3. 4  Perform  distortion  measurements  at  the  3  frequencies  corre¬ 
sponding  to  band  center,  lower  band  edge  and  upper  band  edge. 

3. 4. 3. 3. 5  In  the  same  manner,  make  distortion  measurements  with  capac¬ 
itive  loads  above  and  below  the  nominal  value  selected  in  subparagraph 
3. 4. 3. 3. 3. 


3. 4. 3. 3. 4  Record  data  on  Data  Sheet  3.4.1. 
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3.5  Effect  of  Source  Impedance 

3.5.1  Purpose: 

3. 5. 1.1  This  test  determines  the  change  of  output  frequency  as  a 
function  of  source  impedance  variations  and  determines  the  current  that 
is  fed  back  from  the  input  terminals  into  the  source. 

3. 5. 1.2  This  test  is  particularly  important  on  solid-state  models  which 
receive  input  signals  from  variable-resistance  transducers.  Evaluation 
groups  may  also  wish  to  conduct  tests  at  temperatures  which  simulate 
selected  systems  applications  in  addition  to  room  temperature  tests. 

I 

3.5.2  Test  Equipment: 

Resistance  decade  box 
Electronic  frequency  counter 
D.C.  null  voltmeter 

3.5.3  Test  Method: 

3. 5. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.5-1. 


ELECTRONIC 

FREQUENCY 

COUNTER 


RESISTANCE 

OECAOE 


SUBCARRIER 

OSCILLATOR 


VOLTMETER 


Figure  3.5-1  Effect  of  Source  Impedance 


3. 5. 3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4 


3. 5. 3. 3  Procedure 


3. 5. 3. 3.1  Short  the  input  terminals  and  measure  the  output  frequency 


3. 5. 3. 3. 2  Adjust  the  variable  resistance  decade  to  100ft.  Measure  the 
voltage  appearing  at  the  SCO  input  terminals  (use  a  null  voltmeter)  and 
measure  the  output  frequency. 
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3. 5. 3. 3. 3  In  the  same  manner,  measure  the  input  voltages  and  output 
frequencies  with  the  following  resistance  values  applied  to  the  input: 
Ikn,  1  Oka,  lOOkn,  lMn  and  lOMn. 

3.5. 3.3.4  Use  the  frequency  measured  with  the  input  shorted  as  a 
reference  for  calculations  and  express  frequency  changes  in  percent  of 
bandwidth.  Calculate  the  feedback  current  for  each  of  the  input  re¬ 
sistance  levels. 

3. 5. 3. 3. 5  Record  data  on  Data  Sheet  3.5.1. 


I 
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DATA  SHEET  3.5.1  EFFECT  OF  SOURCE  IMPEDANCE 


EFFECT  OF  SOURCE  IUPEDANCE 


SOURCE  IUPEDANCE  <OHMS) 


3.6.1  Purpose  -  This  test  measures  the  effects  of  grounding  the  input 
terminals  on  the  subcarrier  output  frequency  and  amplitude. 


NOTE 

In  making  these  measurements ,  care  should  be  taken 
to  use  short,  unshielded  leads  between  the  output 
terminals  and  the  measuring  instruments ,  since 
capacitive  loading  is  one  of  the  test  parameters. 


3.6.2  Test  Equipment: 

D.C.  signal  source 
D.C.  voltmeter 
Electronic  frequency  counter 
A.C.  voltmeter  (true  rms) 

3.6.3  Test  Method: 


Figure  3.6-1  Effect  of  Grounding  Input. 


3. 6. 3. 2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3.6. 3. 3  Procedure: 

3.6. 3. 3.1  Ground  the  chassis  of  the  SCO. 

3.6. 3. 3.2  Apply  the  input  voltages  recommended  by  the  manufacturer  for 
subcarrier  frequencies  corresponding  to  lower  band  edge,  band  center  and 
upper  band  edge.  Do  not  ground  input  terminals.  Measure  the  output 
subcarrier  frequencies  and  amplitudes  corresponding  to  each  of  these 
inputs. 
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3.6. 3. 3. 3  Ground  input  terminal  number  1  and  apply  the  same  input 
voltages  used  in  step  3. 6. 3. 3. 2  and  again  measure  the  output  frequencies 
and  amplitudes. 


3. 6. 3. 3. 4  Repeat  step  3.6. 3. 3. 3  with  input  terminal  number  2  grounded 
rather  than  input  terminal  number  1. 


3.6. 3.3.5  Using  the  frequencies  and  amplitudes  measured  in  step  3. 5. 3. 3. 2 
as  references  for  calculations,  express  the  frequency  changes  as  per¬ 
centages  of  I  RIG  bandwidth  and  express  amplitude  chanqes  directly  in 
percent. 

3. 6. 3. 3. 6  Record  data  on  Data  Sheet  3.6.1. 
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EFFECTS  Of  GROUNDING  INPUT  (DHU,,ailal.lnput  Mo d*l.  Only) 


OUTPUT  FREQUENCY  CHANCE 

(ft  of  BW) 


OUTPUT  AMPLITUDE  CHANCE 


3.7.1  Purpose  -  This  test  determines  the  effects  of  output  loading 
(both  resistive  and  capacitive)  on  the  amplitude  and  frequency  of  the 
output  signal.  This  test  may  be  conducted  concurrently  with  measurement 
of  output  distortion,  test  3.4. 

3.7.2  Test  Equipment: 

D.C.  signal  source 
D.C.  voltmeter 
Resistance  decade 
Capacitance  decade 
Electronic  frequency  counter 

3.7.3  Test  Method: 

3. 7. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.7-1. 


Figure  3.7-1  Effect  of  Output  Loading. 


3. 7. 3. 2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3. 7. 3. 3  Procedure: 

3. 7. 3. 3.1  Adjust  the  d.c.  input  signal  to  a  level  that  will  produce  an 
output  frequency  corresponding  to  band  center. 

3. 7. 3. 3. 2  Measure  the  frequency  and  amplitude  of  the  output  signal  with 
no  load  applied  to  the  output. 

3. 7. 3. 3. 3  Use  the  same  input  level  applied  in  step  3. 7. 3. 3.1  to  measure 
the  output  frequencies  and  amplitudes  for  the  resistive  output  loads 
selected  in  subparagraph  3.4. 3. 3  or  others  consistent  with  the  intended 
applications. 
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3. 7. 3. 3.4  Remove  the  resistive  load  and  recheck  the  output  frequency 
and  amplitude  and  readjust  the  d.c.  input  signal,  if  necessary,  to 
produce  band-center  frequency. 

3. 7. 3. 3. 5  Using  the  same  input  level  applied  in  subparagraph  3. 7. 3. 3.4, 
measure  the  output  frequencies  and  amplitudes  for  capacitive  output 
loads  selected  in  subparagraph  3. 4. 3. 3. 

3. 7. 3. 3. 6  Use  the  frequencies  and  amplitudes  measured  under  no-load 
conditions  as  references  for  calculations  and  express  frequency  changes 
in  percent  of  bandwidth  and  express  amplitude  changes  directly  in 
percent. 

3. 7. 3. 3. 7  Record  data  on  Data  Sheet  3.7.1. 


c 
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3.8  Modulation  Feedthrough 


3.8.1  Purpose  -  This  test  determines  the  amplitude  of  the  modulation- 
frequency  component  appearing  at  the  SCO  output. 

3.8.2  Test  Equipment: 

A.C.  signal  source 
Electronic  frequency  counter 
A.C.  voltmeter  (true  rms) 

Wave  analyzer 

3.8.3  Test  Method: 


3.8. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.8-1. 


Figure  3.8-1  Modulation  Feedthrough. 


3.8. 3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3.8. 3. 3  Procedure: 


3. 8. 3. 3.1  Adjust  the  frequency  of  the  signal  source  to  correspond  to 
the  maximum  modulation  frequency  for  a  modulation  index  of  1.  Adjust 
the  peak-to-peak  amplitude  for  the  a.c.  signal  to  produce  full  bandwidth 
subcarrier  deviation. 

3.8. 3. 3.2  Measure  the  amplitude  of  the  modulation  frequency  component 
appearing  at  the  SCO  output  terminals  using  a  wave  analyzer  or  similar 
frequency-selective  voltmeter. 
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3.8. 3. 3. 3  Repeat  step  3. 8. 3. 3. 2  at  a  modulation  frequency  of  one-half 
of  that  selected  in  step  3. 8. 3. 3.1  and  then  repeat  step  3.8. 3. 3.2  at  a 
frequency  one- tenth  of  that  selected  in  step  3. 8. 3. 3.1. 

3.8. 3. 3.4  Modulation  feedthrough  is  expressed  in  dB  below  the  sub¬ 
carrier  and  is  calculated  from  the  ratio  of  subcarrier  component  to  the 
modulation  component  appearing  at  the  output  terminals. 

3.8. 3. 3.5  Record  data  on  Data  Sheet  3.8.1. 
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3.9  Lonq-Term  Stability  Vs.  Time 


3.9.1  Purpose  -  This  test  determines  warmup,  reference  frequency 
variations  and  sensitivity  variations  as  a  function  of  time. 


3. 9. 1.1  Sensitivity  instability  is  defined  as  the  variation  of  full- 
scale  output  frequency  excursion  (resulting  from  full-scale  input 
voltage  excursion)  expressed  as  a  percentage  of  full-scale  output 
excursion  measured  at  an  elapsed  time  of  30  minutes. 


3. 9. 1.2  Reference  frequency  shift  is  defined  as  the  variation  of  output 
frequency  for  0  input  expressed  as  a  percentage  of  full-scale  output 
frequency  excursion  measured  at  an  elapsed  time  of  30  minutes. 


3. 9. 1.3  Sensitivity  change  is  given  a  positive  sign  when  full-scale 
output  excursion  is  greater  than  that  measured  at  the  reference  time  of 
30  minutes. 


3. 9. 1.4  Reference  frequency  shift  is  given  a  positive  sign  when  the 
output  frequency  is  greater  than  that  measured  at  the  reference  time  of 
30  minutes. 


3.9.2  Test  Equipment: 


Reference  voltage  source 
Programmer  (optional) 
Electronic  frequency  counter 
Printer 


The  block  diagram  (figure  3.9-1)  includes  a  programmer  which  switches 
the  SCO  input  voltages  and  provides  a  count  command  to  the  electronic 
counter.  A  printer  is  also  shown  associated  with  the  counter.  Although 
the  test  can  be  conducted  without  these  two  items  of  test  equipment, 
they  are  included  for  convenience. 


3.9.3  Test  Method: 


3. 9. 3.1 


Connect  the  test  equipment  as  shown  in  figure  3.9-1. 
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Figure  3.9-1  Stability  versus  Time. 
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3. 9. 3. 2  Conditions  -  Measurements  are  conducted  over  a  period  of  8 
hours  and  elapsed  time  is  measured  from  cold  start.  Nominal  settings  of 
the  sensitivity  control  and  the  reference  frequency  control  should 
approximate  those  which  will  produce  full  bandwidth  output  frequency 
excursion,  centered  within  the  band,  after  30  minutes  or  more  of  op¬ 
eration.  Additional  test  conditions  are  contained  in  subpara¬ 
graphs  3.0.2  through  3.0.4. 

3. 9. 3. 3  Procedure: 


3. 9. 3. 3.1  Adjust  the  reference  voltages  to  the  preselected  levels  for 
output  frequencies  corresponding  to  the  lower  band  edge,  band  center  and 
upper  band  edge. 


3. 9. 3. 3. 2  Energize  the  SCO  and  measure  the  output  frequencies  for  each 
of  the  3  input  voltages  at  an  elapsed  time  of  1  minute.  Make  similar 
measurements  at  1 -minute  intervals  for  the  first  10  minutes. 

3. 9. 3. 3. 3  After  10  minutes,  make  measurements  at  5-minute  intervals 
until  1  hour  has  elapsed. 

3. 9. 3. 3. 4  After  1  hour,  make  measurements  at  30-minute  intervals  until  8 
hours  have  elapsed. 

3. 9. 3. 3. 5  Record  data  on  Data  Sheet  3.9.1. 
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3.10  Effect  of  Supply  Voltaqe  Variation  and  Ripple 


3.10.1  Purpose  -  This  test  determines  the  effect  of  supply  voltage 
changes  and  ripple  on  output  frequency  and  amplitude. 

3.10.2  Test  Equipment: 

D.C.  voltage  source 
D.C.  voltmeter 
A.C.  supply 
Ripple  source 

Electronic  frequency  counter 
Subcarrier  discriminator 
A.C.  voltmeter  (true  rms) 

3.10.3  Test  Method: 

3.10.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.10-1 


SUPPLY 
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_ 

A.C. 

Figure  3.10-1  Effect  of  Supply  Voltage  Variation  and  Ripple. 


3.10.3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 
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3.10.3.3  Procedure: 


3.10.3.3.1  Adjust  the  supply  voltage  to  the  nominal  value  recommended 
by  the  manufacturer  (do  not  apply  a  ripple  voltage). 

3.10.3.3.2  Adjust  the  d.c.  input  signal  to  the  SCO  to  produce  first  the 
lower  band-edge  frequency,  then  band  center  and  finally  upper  band  edge. 
Measure  the  subcarrier  output  frequencies  and  amplitudes  at  each  of 
these  voltage  settings.  (Note  the  input  voltages  required  to  produce 
each  of  the  3  output  frequencies.) 

3.10.3.3.3  Reduce  the  supply  voltage  by  10  percent  of  the  nominal  level 
and  again  measure  the  output  frequencies  and  amplitudes  for  each  of  the 
3  input  signal  voltage  levels  used  in  the  previous  measurement. 

3.10.3.3.4  Make  similar  measurements  with  the  supply  voltages  changed 
by  -5  percent,  +5  percent,  +10  percent,  and  back  to  nominal  level  again. 
(The  measurement  range  may  be  expanded  to  simulate  selected  system 
applications. ) 

3.10.3.3.5  Use  the  frequencies  and  amplitudes  measured  in  step  3.10.3.3.2 
as  references  to  calculate  the  frequency  changes  in  percent  of  bandwidth 
and  calculate  the  amplitude  changes  directly  in  percent.  These  changes 
will  be  given  a  positive  sign  when  they  represent  an  increase  in 
magnitude. 

3.10.3.3.6  Apply  nominal  supply  voltage  to  the  SCO,  adjust  the  d.c. 
input  signal  to  produce  center  frequency  output  and  superimpose  sin¬ 
usoidal  signals  of  appropriate  ripple  frequencies  on  the  supply  voltage. 
Adjust  the  rms  value  of  the  ripple  to  2  percent  of  the  nominal  supply 
voltage  and  measure  the  frequency  deviation  of  the  SCO  (the  output 
excursion  of  the  SCO  is  proportional  to  the  SCO  deviation). 

3.10.3.3.7  Express  the  peak-to-peak  frequency  deviations  as  percentages 
of  bandwidth. 

3.10.3.3.8  Record  data  on  Data  Sheet  3.10.1. 
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3.11  Common-Mode  Rejection  (For  Differential-Input  Models  Only) 

Common-mode  rejection  is  the  ratio  of  subcarrier  bandwidth  to  subcarrier 
deviations,  expressed  in  dB. 

3.11.1  Purpose  -  This  test  determines  the  effect  on  output  frequency 
resulting  from  application  of  a  common  signal  to  both  input  terminals. 

3.11.2  Test  Equipment: 

A.C.  signal  source 
A.C.  voltmeter  (true  rms) 

D.C.  signal  source 
D.C.  voltmeter 

Low-noise  subcarrier  discriminator 
Electronic  frequency  counter 

3.11.3  Test  Method: 

3.11.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.11-1. 


A.C/  0  C  SIGNAL 
SOURCE 


SUBCARRIER 
OSCILLATOR 
UNDER  TEST 


A.C/D.  C 

VOLTMETER 

LOW  -  NOISE 
SUBCARRIER 
DISCRIMINATOR 


ELECTRONIC 

COUNTER 


Figure  3.11-1  Common-Mode  Rejection. 

3.11 .3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3.11.3.3  Procedure: 

3.11.3.3.1  With  the  SCO  terminals  shorted  together  and  connected  to 
ground,  measure  the  subcarrier  output  frequency. 

3.11.3.3.2  Remove  the  ground  applied  in  subparagraph  3.11.3.3.1  and 
connect  the  shorted  input  terminals  to  a  d.c.  voltage  (reference  to 
ground)  and  adjust  the  d.c.  voltage  to  equal  the  magnitude  of  the  full 
scale  differential  input  recommended  by  the  manufacturer. 
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3.11.3.3.3  Measure  the  subcarrier  output  frequency,  first  with  a 
positive  polarity  applied  to  the  input  and  then  with  a  negative  polarity 
applied  to  the  input. 

3.11.3.3.4  Connect  an  a.c.  voltage  source  to  the  shorted  input  term¬ 
inals  and  adjust  the  peak-to-peak  amplitude  of  the  a.c.  signal  to  equal 
the  magnitude  of  the  full-scale  differential  input  recommended  by  the 
manufacturer. 

3.11.3.3.5  Adjust  the  frequency  of  the  a.c.  input  signal  to  that  which 
produces  a  deviation  ratio  of  1  for  the  band  under  test.  Use  a  low- 
noise  subcarrier  discriminator  to  measure  the  frequency  deviation  of  the 
SCO  output  caused  by  the  common-mode  signal.  Repeat  the  measurement  at 
frequencies  of  60  Hz  and  400  Hz  if  these  frequencies  fall  within  the 
modulation-frequency  range  of  the  SCO  under  test.  The  discriminator  must 
be  calibrated  at  each  of  the  modulation  frequencies. 

3.11.3.3.6  Compare  the  frequencies  measured  in  step  3.11.3.3.3  with 
that  measured  in  step  3.11.3.3.1  and  calculate  the  output  frequency 
deviations.  Frequency  deviations  in  subparagraph  3.11.3.3.5  are  ob¬ 
tained  from  measuring  the  output  of  the  calibrated  discriminator. 

3.11.3.3.8  Record  data  on  Data  Sheet  3.11.1. 
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3.12  Stability  Vs.  Temperature 


3.12.1  Purpose  -  This  test  determines  reference-frequency  shift,  sensi¬ 
tivity  variations  and  output  amplitude  changes  as  a  function  of  temperature. 


3.12.2  Test  Equipment: 


D.C.  signal  source 
D.C.  voltmeter 
Temperature  chamber 
A.C.  voltmeter  (true  rms) 
Electronic  frequency  counter 


3.12.3  Test  Method: 


3.12.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.12-1. 


tamparotur*  chombar 


Figure  3.12-1  Stability  versus  Temperature. 


3.12.3.2  Conditions  -  Refer  to  subparagraphs  3.0.2  through  3.0.4. 

3.12.3.3  Procedure: 

3.12.3.3.1  Adjust  the  temperature  chamber  to  30°C  (303. 2K)  and  allow 
the  SCO  to  stabilize  for  not  less  than  15  minutes. 

3.12.3.3.2  Apply  the  input  voltages  recommended  by  the  manufacturer  to 
produce  output  frequencies  corresponding  to  lower  band  edge,  band  center 
and  upper  band  edge.  Measure  the  output  frequencies  and  amplitudes 
corresponding  to  each  of  these  inputs. 

3.12.3.3.3  Using  the  same  inputs  which  were  applied  in  step  3.12.3.3.2, 
repeat  the  measurements  at  chamber  temperatures  corresponding  to  the 
appropriate  temperature  extremes.  Allow  sufficient  time  at  each  temper¬ 
ature  for  the  unit  to  stabilize  before  mesurements  are  made. 
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3.12.3.3.4  Use  the  frequencies  and  amplitudes  measured  at  30°C 

(303.2  K)  as  references  for  calculations  and  express  frequency  changes  in 

percent  of  bandwidth  and  amplitude  changes  directly  in  percent. 


/■i 


3.12.3.3.5  Calculate  the  reference  frequency  shift  and  sensitivity 
changes.  Reference  frequency  shift  is  given  a  positive  sign  when  the 
output  frequency  is  greater  than  that  measured  at  the  temperature  of 
30°C  (303.2  K).  Sensitivity  change  is  given  a  positive  sign  when  full- 
scale  output  excursion  is  greater  than  that  measured  at  30°C  (303.2  K). 

3.12.3.3.6  Record  data  on  Data  Sheet  3.12.1. 
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3.13  Effect  of  Vibration 


3.13.1  Purpose  -  This  test  determines  the  effect  of  vibration  on  output 
frequency  and  output  amplitude. 

3.13.2  Test  Equipment: 

D.C.  signal  source 
Subcarrier  discriminator 
Electronic  frequency  counter 

Vibration  facility  capable  of  providing  the  vibration  amplitude/ 
acceleration  levels  over  the  frequency  ranges  specified  for  the  intended 
application. 

3.13.3  Test  Method: 


3.13.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  3.13-1. 
The  SCO  should  be  securely  mounted  to  the  vibrator  in  a  properly  de¬ 
signed  test  fixture  which  will  not  impart  vibration  amplifications  to 
the  SCO.  If  a  companion  modular  rack  adapter  is  used  for  mounting  the 
SCO  in  the  actual  application,  the  adapter  should  be  included  in  the 
vibration  setup. 


Figure  3.13-1  Effect  of  Vibration. 
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3.13.3.2  Conditions  -  An  environment  should  be  selected  which  is 
representative  of  the  intended  application.  This  environment  could  be 
selected  from  a  standard  such  as  MIL-STD-810.  In  addition,  refer  to 
subparagraphs  3.0.2  through  3.0.4. 

3.13.3.3  Procedure: 

3.13.3.3.1  Conduct  a  resonant  search  in  accordance  with  MIL-STD-810, 

Method  514.2,  to  determine  the  vibration  frequencies  at  which  the 
greatest  output  frequency  and  amplitude  changes  occur. 

3.13.3.3.2  Adjust  the  d.c.  signal  source  to  produce  band-center  fre¬ 
quency.  Adjust  the  output  amplitude  to  maximum  and  record  the  amplitude. 

3.13.3.3.3  Conduct  a  resonant  dwell  in  accordance  with  MIL-STD-810, 

Method  514.2. 

3.13.3.3.4  Observe  the  output  of  the  subcarrier  discriminator  to 
determine  the  incidental  FM  caused  by  vibration. 

3.13.3.3.5  Stop  the  vibration  and  measure  the  output  frequency  and 
output  amplitude.  Compare  these  measurements  with  those  made  In 
subparagraph  3.13.3.3.2  to  determine  frequency  shift  and  amplitude 

change.  Express  frequency  changes  in  percent  of  bandwidth  and  express  $£& 

amplitude  changes  in  percent  of  original  amplitude.  '*v' 

3.13.3.3.6  Record  data  on  Data  Sheet  3.13.1. 
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Chapter  4 
BIT  SYNCHRONIZERS 


4.0  General 

In  the  series  of  test  procedures  which  follow,  the  PCM  test  set  is  the 
central  feature  of  the  test  setups.  Commercially  available  telemetry 
PCM  test  sets  usually  incorporate  the  I  RIG  Standard  PN  sequence  with 
self-synchronized  PN  receiver  function.  These  sets  vary  somewhat  as  to 
criteria  for  receiver  PN  lock,  the  restart  function,  and  such  special 
functions  as  addition  of  base-band  noise  and  offset,  frequency  modu¬ 
lation  of  internal  clock,  variable  delay  of  clock  and  bit  stream,  phase 
comparison  of  input  and  output  bit  clocks,  etc.  Depending  upon  which 
PCM  test  set  is  available,  certain  external  functions  such  as  gating  and 
delay  may  be  required  for  the  bit  slippage  and  acquisition  tests. 
Detailed  circuits  for  these  functions  are  given  in  appendixes  IV-B  and 
I V- C -  Figure  4.0-1  is  a  generalized  block  diagram  of  functions  which 
can  be  utilized  to  perform  the  tests  herein. 


NOTE 


Since,  as  stated  above,  not  all  cormercial  models 
incorporate  all  of  the  functions  internally,  it  may 
be  necessary  to  perform  3ome  of  these  functions 
by  the  use  of  peripheral  equipment. 


Because  the  full  capability  of  the  test  set  will  not  be  required  in  any 
single  test  procedure,  the  full  functional  block  diagram  (figure  4.0-1) 
will  not  be  repeated;  only  simplified  block  diagrams  will  be  included 
with  each  individual  test  procedure.  It  may  not  be  necessary  to  conduct 
all  of  the  tests  described  in  this  chapter  for  any  one  bit  synchronizer 
If  it  is  used  for  a  specific  application.  The  test  procedures  are 
presented  in  two  parts:  Part  I,  Testing  with  Gaussian  Noise;  and  Part 
II,  PCM/FM  Testing.  Definitions  for  bit  slippage  probability  (BSP)  and 
acquisition  testing  are  given  in  appendix  IV-C. 

4.0.1  Standard  Test  Conditions  for  Testing  with  Gaussian  Noise 

The  following  discussion  applies  to  preparing  standard  test  conditions 
for  Part  I,  Testing  with  Gaussian  Noise.  Regardless  of  the  test  approach 
used,  it  is  important  to  preserve  uniformity  of  testing  so  that  valid 
comparisons  and  evaluations  of  a  wide  range  of  system  designs  may  be 
accomplished.  Therefore,  the  following  standard  test  conditions  should 
be  determined  for  the  following  parameters  and  should  be  observed  unless 
the  individual  test  description  requires  otherwise.  It  is  assumed  that 


the  Instruction  manual  for  the  test  set  Is  available,  therefore,  in¬ 
structions  for  operating  the  test  set  will  not  be  repeated  In  the 
Individual  test  procedures. 


4. 0.1.1  Bit  Synchronizer: 


PCM  signal  input  level 
Bit  rate 
Loop  width 
Tracking  bandwidth 

Bit  detector  type  of  clock  (Internal) 
Input  code 


4. 0.1. 2  PCM  Test  Set: 

Offset 
FM  input 
Code 

Pattern  Pseudo  random: 

Use  of  the  2047-bit  maximal  length  sequence  is 
recommended.  See  Chapter  2,  subparagraph  2. 1.1. 3. 2 
for  details. 


Testing  with  fixed  patterns  may  be  nec¬ 
essary  for  specific  applications. 


Bit  rate  clock 


NOTE 


A  PCM  test  set  may  possess  two  characteristics  which 
must  be  checked  before  conduting  bit  synchronizer  per- 
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formance  tests.  The  internal  reference  clock  may  con 
tain  excessive  jitter  components  and  the  accuracy  of 
the  bit  rate  switch  settings  may  be  inadequate.  When 
excessive  clock  jitter  exists ,  it  is  recormended  that 
an  external  reference  clock  be  used;  particularly 
when  testing  bit  synchronizers  with  narrow  loop 
bandwidth  settings.  The  bit  rate  of  the  PCM  out¬ 
put  may  be  adjusted  using  one  of  the  following 
methods: 


METHOD  1: 


Connect  a  variable  d.c.  voltage  source  to  the  FM 
input  of  the  PCM  test  set  and  adjust  the  voltage 
until  the  required  bit  rate  is  obtained. 


METHOD  2: 


Adjust  the  bit  rate  on  the  PCM  test  set  until  the  de¬ 
sired  bit  rate  is  indicated  on  a  frequency  counter. 
Disregard  the  bit  rate  indicated  by  the  PCM  test  set 
display  when  using  this  method. 


METHOD  3: 


Connect  an  external  cloak  generator  to  the  external 
clock  input  of  the  PCM  test  set.  Measure  the  bit 
rate  at  the  clock  output  of  the  PCM  test  set  with  a 
frequency  counter. 


NOTE 


Measures  should  be  taken  to  assure  that  phase 
errors  are  not  introduced  by  the  test  setup ,  e.g., 
when  the  setup  includes  a  premodulation  filter. 
Measurement  difficulties  may  occur  when  detection 
circuitry  is  phase  sensitive. 


4. 0.1. 3  Premodulation  Filter 


Filter  type 

Cutoff  frequency  (-3  dB)  - 


linear-phase,  low-pass 

0.75  times  the  bit  rate,  or  as 

required 


4. 0.1. 4  Noise  Signal  -  gaussian 


4. 0.1. 5  Noise  Signal  Filter: 


Type 

Cutoff  frequency  (-3  dB) 
for  calibration 


constant  amplitude  [>  4  pole) 
equal  to  the  bit  rate 


4.0.2  Standard  Test  Conditions  for  PCM/FM  Testlnc 


The  following  parameters  must  be  added  to  the  standard  test  conditions 
in  subparagraph  4.0.1  for  preparing  the  standard  test  conditions  for 
Part  II,  PCM/FM  testing. 
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4. 0.2.1  FM  Test  Link: 

Frequency  deviation  -  Peak-to-peak 

Predetection  (IF)  bandwidth  -  3-dB  points,  kHz 

Post  detection  bandwidth  -  3-dB  points,  kHz 

4. 0.2. 2  Figures  4. 0.2-1  and  4. 0.2-2  are  block  diagrams  of  the  PCM/FM 
test  setup.  Two  options  are  shown.  Figure  4. 0.2-1  makes  use  of  equip¬ 
ment  normally  used  in  connection  with  predetection  recording.  The  band¬ 
pass  filter  (BPF)  shown  in  figure  4. 0.2-1  is  used  to  confine  the  noise 
bandwidth  to  the  neighborhood  of  the  predetection  band  of  the  discrim¬ 
inator  to  prevent  overloading  the  input  circuits.  The  bandwidth  of  the 
BPF  should  be  set  to  approximately  twice  the  bandwidth  of  the  discrim¬ 
inator  and  centered  on  the  band  of  the  discriminator.  Figure  4. 0.2-2 
makes  use  of  RF  equipment. 

4.1  Part  I.  Testing  with  Gaussian  Noise 

Part  I  describes  the  test  procedures  to  be  used  to  determine  if  a 
selected  bit  synchronizer  has  the  required  characteristics  essential  for 
telemetry  applications  when  the  input  signal  contains  additive  gaussian 
noise. 

4.1.1  PCM  Test  Set  Calibration 

4. 1.1.1  Purpose  -  The  SNR  is  an  important  parameter  in  many  of  the  per¬ 
formance  tests  conducted  on  PCM  bit  synchronizers.  Calibration  of  the 
PCM  test  set  is  necessary  for  obtaining  an  accurate  SNR  to  allow  com¬ 
parison  of  performance  in  satisfying  performance  specifications  or 
evaluating  competing  designs. 

4. 1.1. 2  Test  Equipment: 

4. 1.1. 2.1  Procedure  1 : 

Noise  source  -  a  flat  frequency  response  from  d.c.  to  >  five  times 
the  bit  rate 

Premodulation  filter  -  as  required 

Low-pass  filter  -  cutoff  frequency  setable  to  the  bit  rate 

True  rms  voltmeter 

Oscilloscope 

Frequency  counter 

Stable  oscillator  -  as  required 

PCM  test  set 

4. 1.1. 2. 2  Procedure  2  -  Same  as  Procedure  1  test  equipment  except 
replace  PCM  test  set  with  summing  amplifier  and  calibrated  attenuator. 
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IV-4-5 


uu  mu  wm  ■j'm  nr 


j  .'i  1 1  i*L  i  fr*  f  -  U-*  ■."» 


Figure  4. 0.2-2  Test  Setup  Using  Signal  Generator  and  Receiver. 


4. 1.1. 3  Test  Method: 

4. 1.1. 3.1  Procedure  1  -  Internal  Noise  Attenuator 

4. 1.1. 3. 1.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.1-1. 


NOTE 

Refer  to  subparagraph  4.0.1  for  standard,  test  con¬ 
ditions  for  testing  with  gaussian  noise. 

4. 1.1. 3. 1.2  Make  the  following  adjustments  on  the  PCM  test  set  to  set 
the  PCM  level: 

a.  Set  output  signal  for  PCM  only 

b.  Turn  off  noise  source 

c.  Bypass  or  disconnect  premodulation  filter 

d.  Adjust  the  PCM  amplitude  with  an  oscilloscope  or  true  rms 
voltmeter  until  the  required  peak-to-peak  signal  voltage  is  measured  at 
the  PCM  output  of  the  test  set. 

4. 1.1. 3. 1.3  Connect  the  premodulation  filter  into  the  test  setup. 
Observe  the  peak-to-peak  amplitude  of  the  filtered  PCM  bit  stream  with 
an  oscilloscope.  Adjust  the  output  level  control  on  the  tunable  filter 
to  maintain  the  peak-to-peak  voltage  of  the  signal  as  established  in 
step  4.1 .1 .3.1 .2  d. 

4. 1.1. 3. 1.4  Make  the  following  adjustments  on  the  PCM  test  set  to 
obtain  the  noise  level: 

a.  Turn  off  the  PCM  signal 

b.  Turn  on  the  noise  source  to  the  PCM  test  set 

c.  Set  the  noise  source  for  a  cutoff  frequency  equal  to  five  times 
the  bit  rate  selected. 

d.  Select  the  0-dB  SNR  setting. 

e.  Monitor  the  input  noise  signal  and  the  PCM  output  of  the  test 
set  on  an  oscilloscope. 

f.  Set  the  noise  source  output  level  control  to  maximum.  If  noise 
amplitude  limiting  exists,  reduce  the  output  of  the  noise  source  until 
the  noise  signal  is  not  limited  in  amplitude  at  either  monitoring  point 
as  referenced  in  step  4. 1.1. 3. 1.4  e. 

g.  Perform  the  noise  amplitude  limiting  test  for  each  bit  rate 
selected. 

h.  Set  the  cutoff  frequency  of  the  noise  source  low-pass  filter  to 
a  value  which  is  equal  to  the  selected  PCM  bit  rate,  e.g.,  a  100  kb/s 
bit  rate  would  require  a  100-kHz  low-pass  filter  setting. 


Calibration  of  PCM  Test  Set  with  Internal  Noise  Attenuator. 


i.  Adjust  the  noise  input  variable  attenuator  of  the  PCM  test  set 
until  an  rms  voltage  equal  to  the  rms  voltage  of  the  unfiltered  PCM  bit 
stream  is  measured  at  the  tunable  filter  output. 

j.  Observe  the  signal  at  the  PCM  output  of  the  PCM  test  set  with 
an  oscilloscope.  The  noise  signal  must  not  be  amplitude  limited.  If 
limiting  is  present,  repeat  all  calibration  steps  in  subpara¬ 
graph  4. 1 .1 .3.1 .4. 

4. 1.1. 3. 1.5  Turn  on  the  PCM  signal.  SNR  calibration  is  complete. 

4. 1.1. 3. 2  Procedure  2  -  External  Noise  Attenuator 

4. 1.1. 3. 2.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  4.1 .1-2. 


NOTE 

Refer  to  subparagraph  4. 0. 1  for  standard  test  con¬ 
ditions  for  testing  with  gaussian  noise. 

4. 1.1. 3. 2. 2  Select  the  desired  logic  at  the  output  of  the  transmitter 
PN  generator,  i.e.,  transistor-transistor  logic  (TTL),  balanced,  etc., 
and  set  the  desired  premodulation  filter  cutoff  frequency  and  output 
amplitude. 

4. 1.1. 3. 2. 3  Set  the  cutoff  frequency  of  the  noise  filter  to  produce  a 
noise  bandwidth  (Bn)  of  approximately  five  times  the  bit  rate.  (A 
Butterworth  type  of  filter  with  sharp  rolloff  can  be  used,  in  which  case 
the  noise  bandwidth  is  approximately  3  dB.) 

4. 1.1. 3. 2. 4  Set  the  maximum  attenuation  in  the  calibrated  noise 
attenuator  (should  be  at  least  40  dB  below  the  PCM  output).  Measure  the 
true  rms  value  of  the  PCM  at  the  output  of  the  summing  amplifier. 

4. 1.1. 3. 2. 5  Decrease  the  noise  attenuation  until  the  true  rms  voltmeter 
reading  increases  3  dB.  At  this  point,  the  SNR  in  Bn  is  0  dB.  Record 
the  noise  attenuator  setting.  The  level  should  be  set  so  that  the  noise 
attenuator  setting  is  about  10  dB. 


NOTE 

Unless  the  summing  amplifier  is  an  operational 
amplifier ,  the  output  impedance  levels  of  the 
premodulation  filter  and  the  calibrated  noise 
attenuator  must  remain  constant. 


4. 1.1. 3. 2. 6  Observe  the  waveform  at  the  output  of  the  summing  amplifier 
to  determine  if  limiting  is  occurring.  If  so,  reduce  the  PCM  level  and 
repeat  the  steps  in  subparagraphs  4. 1.1. 3. 2. 4  and  4. 1.1. 3. 2. 5.  A  fur¬ 
ther  check  in  linearity  is  carried  out  by  the  method  given  in  subpara¬ 
graph  4. 2. 1.3. 1.5  for  the  calibration  of  predection  SNR  in  the  PCM/FM 
tests. 

4. 1.1. 3. 2. 7  The  SNR  in  a  bandwidth  equal  to  the  bit  rate  (ft,)  Is  given 
in  dB  by 

SNRf  =SNRb  +10  log10(B  /fb) 
b  n 


For  example,  if  Bn=5fb,  then  7  dB  must  be  added  to  SNRgn  to  give  SNR  fb. 


4.1.2  Bit  Error  Probability  (BEP)  Test 

4. 1.2.1  Purpose  -  This  test  determines  the  BEP  characteristics  of  a  bit 
synchronizer  as  a  function  of  the  input  SNR. 

4. 1.2. 2  Test  Equipment: 

4. 1.2. 2.1  Test  setup  1  -  The  following  is  used  in  the  test  setup  shown 
in  figure  4.1 .2-1 . 

Noise  source 
Premodulation  filter 
Frequency  counter 

PCM  test  set  (attenuator,  PN  sequence  transmitter  and  receiver) 

4. 1.2. 2. 2  Test  setup  2  (figure  4.1. 2-2)  -  Same  as  test  setup  1  test 
equipment  except  replace  PN  PCM  test  set  with  summing  amplifier  and 
calibrated  attenuator. 

4.1 .2.3  Test  Method: 


It  may  be  necessary  to  repeat  the  calibration 
procedure  detailed  in  subparagraph  4.1.1  peri¬ 
odically  during  this  test. 


4. 1.2. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.2-1 
or  figure  4.1  2-2. 
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0 


Probability  Test  Setup. 


Bit  Error  Probability  Test  Setup  for  the  Case  in  which  the  Noise 
Attenuator  and  Summing  Amplifier  are  External  to  the  PCM  Test  Set 


NOTE 


Refer  to  subparagraph  4.0.1  for  standard  test 
conditions  for  testing  with  gausian  noise. 


4. 1.2. 3. 2  Calibrate  the  test  setup  for  output  SNR  in  accordance  with 
the  calibration  instructions  detailed  in  subparagraph  4.1.1. 

4. 1.2. 3. 3  Adjust  the  test  set  to  measure  bit  errors  In  the  measurement 
intervals  shown  on  Data  Sheet  4. 1.2.1. 


4.1 .2.3.4  Set  the  test  setup  for  an  output  SNR  of  0  dB  and  measure 
total  bit  errors  (sum  of  the  Is  and  Os  in  error).  It  may  be  desirable 
to  individually  measure  the  Is  in  error  and  the  Os  In  error  to  determine 
the  performance  symmetry  of  the  bit  synchronizer.  Calculate  and  record 
the  BEP  from  the  relationship: 


Number  of  Bit  Errors  Measured 
Jits  Transmitted  During  Measuremenl 


Repeat  the  measuremnt  of  bit  errors  and  BEP  calculations  for  the  other 
values  of  SNR  shown  on  Data  Sheet  4. 1.2.1. 


4. 1.2. 4  Data  Reduction:  -  Record  data  on  Data  Sheet  4. 1.2.1.  An 
example  of  Data  Sheet  4. 1.2.1  use  is  shown  in  figure  4. 1.2-3  and  a 
corresponding  sample  data  plot  is  shown  in  figure  4. 1.2-4. 


DATA  SHEET  4. 1.2.1  BIT  ERROR  PROBABILITY  TEST 


Test:  4.1.2  Bit  Error  Probability  T' 

” - rC  0^0*^  • 


Manufacturer 
Tested  by 
Date 


Serial  No. 


:Q\>V 


PCM  Signal 

Noise  Signal  (Gaussian) 

Premodulation 

Filter 

Bit  Rate 
(kB/s) 

Amplitude 

(VP-P) 

Code 

Word  Pattern 

Cal.  B.W. 
(kHz) 

Cal.  (V  rms) 

Cutoff  Freq. 
(kHz) 

IOO 

f.O 

NR2-L 

PR 

100 

o.r 

75" 

Bit  Synchronizer  Settings 

Detector 

Loop  B.W. 

Trackng  Range 

Type 

(%  Bit  Rate) 

(%  Bit  Rate) 

F/S 

f.O 

,  ■  ■ 

# 

SNR 

Bit  Error  Probability 

Measurement  Interval  * 
(Period  10  Bits) 

(dB) 

Total 

(l’s  +  0’s) 

l’s 

O’s 

N 

0 

f.nuo-i 

5.3XI0*2 

S'.rxio'2- 

5 

+3 

4.2.  X  1 0"2 

2.0XIO'2 

2.2/  IO'2 

5 

+6 

8.7  X  IO"3 

4.0X10*  3 

4.7  X  IO*5 

5 

+9 

6.4  X  1 0-4 

2.6  X IO*4 

3.8  X  IO-4 

6 

+12 

9.S  x  icr* 

/.< 7XIO'6 

5".4X  IO“4 

8 

♦Refer  to  Volume  IV,  Appendix  IV-A  for  detailed  explanation. 


Figure  4. 1.2-3  Sample  of  Data  Sheet  4. 1.2.1. 


BIT  ERROR  PROBABILITY 
VERSUS 

SIGNAL-TO-NOISE  RATIO 


I0‘6 

I  :  | 

j  ( 

!  i  :  ;  !  ;  ,  ! 

i  *  |ii  ,i 

L  . 

-4  -2  O  +E  +4  +• (r,  +  *  +io  + 1 2.  +14  +ifr  +i 

SNR  (dB) 

Figure  4. 1.2-4  Sample  Data  Plot  Presentation  of  Data  Sheet  4. 1.2.1 
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4. 1.3.1  Purpose  -  This  test  determines  the  BSP  characteristics  of  a  bit 
synchronizer  as  a  function  of  the  input  SNR.  There  are  two  basic 
procedures  given  here  for  this  test.  Laboratory  tests  comparing  the  two 
procedures  indicate  that  both  agree  to  within  the  limits  of  measurement 
error.  The  choice  of  procedure  will  depend  primarily  on  the  test 
equipment  available.  Procedure  1  compares  the  phase  of  the  reference 
clock  with  the  phase  of  the  bit  synchronizer  output  clock.  If  the  phase 
difference  exceeds  ±360°,  bit  slippage  has  occurred. 


NOTE 


In  some  commercially  available  PCM  test  sets  which 
are  internally  mechanized  for  this  testy  the  cri¬ 
terion  is  ±180°.  Although  it  is  possible  for  the 
instantaneous  phase  to  exceed  180°  and  theny  be¬ 
cause  of  additional  perturbation3  to  pull  back 
without  slippage ,  tests  have  shown  that  the  phase 
is  most  likely  to  subsequently  exceed  ± 360 °,  thus 
producing  bit  slippage. 


Procedure  2  uses  the  loss  of  PCM  test  set  synchronization  to  indicate 
slippage. 


4. 1.3. 2  Test  Equipment: 

4. 1.3. 2.1  Procedure  1 : 

Noise  source 
Premodualtion  filter 
Frequency  counter 
PCM  test  set 

4. 1.3. 2. 2  Procedure  2: 

Noise  source 

Noise  attenuator 

Premodulation  filter 

Summing  amplifier 

PN  sequence  transmitter/ receiver 

4. 1.3. 3  Test  Method: 


4.1 .3.3.1  Procedure  1 : 


4. 1.3. 3. 1.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.3-1 
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Preceding  page  Wank 


_ 


>|00i3  -^X3 


NOTE 


Refer  to  subparagraph  4.0.1  for  standard  test  con¬ 
ditions  for  testing  with  gaussian  noise. 


4. 1.3. 3. 1.2  Calibrate  the  PCM  test  set  for  an  output  SNR  in  accordance 
with  the  calibration  instructions  detailed  in  subparagraph  4.1.1. 

4. 1.3. 3. 1.3  Adjust  the  PCM  test  set  to  measure  bit  (clock)  slips  for 
the  measurement  intervals  shown  on  Data  Sheet  4. 1.3.1. 

4. 1.3. 3. 1.4  Set  the  PCM  test  set  for  an  output  SNR  of  0  dB,  and  measure 
the  total  number  of  bit  (clock)  slips  (both  plus  and  minus).  It  may  be 
desirable  to  individually  measure  the  plus  slips  and  the  minus  slips  to 
show  performance  trends.  Most  bit  synchronizer  designs  exhibit  a  tend¬ 
ency  to  slip  only  in  one  direction  rather  than  randomly.  Calculate  the 
BSP  from  the  relationship: 


Sj;  4. 1.3. 3. 1.5  Repeat  the  measurement  of  bit  slips  and  calculation  of  BSP 
for  the  other  SNRs  shown  on  Data  Sheet  4. 1.3.1. 

4. 1.3. 3. 2  Procedure  2: 

4. 1.3. 3. 2.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.3-2. 


Number  of  Bit  Slips  Measured 


Number  of  Bits  Transmitted  During  Measurement  Interval" 


NOTE 

Refer  to  subparagraph  4.0.1  for  standard  test  con¬ 
ditions  for  testing  with  gaussian  noise. 


4. 1.3. 3. 2. 2  Calibrate  the  test  setup  for  output  SNR  in  accordance  with 
the  calibration  instructions. 

4. 1.3. 3. 2. 3  Adjust  the  test  set  to  count  the  number  of  restarts  in  the 
measurement  intervals  shown  on  Data  Sheet  4. 1.3.1.  A  restart  is  defined 
as  a  valid  resynchronization  of  the  receiver  PN  generator  to  the  data. 

4. 1.3. 3. 2. 4  Set  the  test  setup  for  an  SNR  of  9  dB  and  count  the  number 
of  restarts.  Calculate  the  BSP  from  the  relationship: 


_ Number  of  Restarts  Counted _ _ 

BSP~Number  of  Bits  Transmitted  During  Measurement  Interval 
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Figure  4. 1.3-2  Bit  Slippage  Probability  Test  Setup  for  Procedure 


4. 1.3. 3. 2. 5  Repeat  the  count  of  restarts  and  calculation  of  BSP  for  the 
other  SNRs  shown  on  Data  Sheet  4. 1.3.1. 


to 


At  high  BEP,  the  number  of  restarts  measured  will 
be  too  large  because  unsuccessful  tries  are  counted 
and  because  in  some  test  sets  it  is  also  possible 
for  errors  to  trigger  the  restart  without  slippage. 
The  counts  of  synchronization  reacquired  will  give 
results  closer  to  the  true  value.  Generally,  the 
"plus  slips"  and  "minus  slips"  count  is  not  a 
reliable  estimate  of  the  number  of  restarts. 


4. 1.3. 4  Data  Reduction  -  Record  data  on  Data  Sheet  4. 1.3.1.  An  example 
of  Data  Sheet  4. 1.3.1  use  is  shown  in  figure  4. 1.3-3  and  a  corresponding 
sample  data  plot  is  shown  in  figure  4. 1.3-4. 


i 

*•? 


DATA  SHEET  4. 1.3.1 


BIT  SLIPPAGE  PROBABILITY 


Test:  4.1.3  Bit  Slippage  Prob* 

Manufacturer  _ 

Tested  by  _ 


Slippage  Prob^^^^  Q^> 


Serial  No 


Bit  Synchronizer  Input  Signal  Conditions 


PCM  Signal 


(kB/s) 


IOO 


Word  Pattern 

Cal.  B.W. 
(kHz) 

PR 

IOO 

Premodulation 

Filter 


Cutoff  Freq. 
(kHz) 


VfT 


A 


Bit  Synchronizer  Settings 


Detector  I  Loop  B.V.  j  Trackng  Range 

Type _ j  (%  Bit  Rate)  [  (%  Bit  Rate) 

F/S  !  1,0  I  10.0 


Bit  Slippage  Probability 


TOTAL 
(+  and  -) 


‘I.OTXIO'*1- 


+3  2.9mo-a 


+6  2.42  XIO-5" 


+9  <!XlO'7 


+12  I  <  1%  IO~7 


3.0X10' 6  q.o^/io'2- 


4.exio~5'  2..ic  xi"2 


6.0XIO'1  2.0XIO'5- 


<l*lO'7  <MMO“7 


r-7  <  l  KIO'7 


<  I  k  I0'7 


Measurement  Interval  * 
(Period  10‘  Bits) 


*A  measurement  interval  of  1  x  107  bits  will  provide  reliable  data 
measurement  repeatability  for  BSP  >1  x  10"6. 

NOTE:  Additional  measurements  may  be  required  where  the  slope  of  the  data  changes 
abruptly. 

Figure  4. 1.3-3  Sample  of  Data  Sheet  4. 1.3.1. 
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BIT  SLIPPAGE  PROBABILITY 
VERSUS 

SIGNAL-TO-NOISE  RATIO 


SAMPLE  DATA 

NOT  TO  BE  USED  FOR 
EQUIPMENT  SPECIFICATIONS 


1  J__J_.L_ 


IO  12 


SNR  (dB) 

Figure  4. 1.3-4  Sample  Plot  Presentation  of  Data  Sheet  4. 1.3.1 
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Bit  Synchronizer  Input  Signal  Conditions 

PCM 

Signal 

Noise  Signal 

(Gaussian 

■ 

Premodulation 

Filter 

Bit  Rate 
(kB/s) 

Amplitude 

(vp-p) 

Code 

Word  Pattern 

Cal.  B.W.  1 
(kHz) 

Cal.  (V  rms) 

Cutoff  Freq. 
(kHz) 

Bit 

Synchronizer  Settings 

Detector 

Loop  B.W. 

Trackng  Range 

Type 

(%  Bit  Rate) 

(%  Bit  Rate) 

Bit  Slippage  Probability 


Measurement  Interval  * 
(Period  10  Bits) 


TOTAL 
(+  and  -) 


4. 1.4.1  Purpose  -  This  test  determines  the  average  number  of  bit 
periods  required  to  achieve  clock  synchronization  (ACQ)  from  the  time 
data  is  applied.  There  are  two  procedures  given  for  this  test.  Lab¬ 
oratory  tests  have  shown  that  the  results  obtained  using  either  pro¬ 
cedure  are  in  agreement  to  within  the  error  bounds.  The  choice  of 
procedure  will  depend  mainly  on  the  test  equipment  available.  Procedure 
1  compares  the  phase  of  the  reference  clock  with  the  phase  of  the  bit 
synchronizer  output  clock.  When  the  phase  difference  remains  within  a 
range,  such  as  ±90°,  acquisition  is  achieved.  Procedure  2  uses  the  drop 
of  BEP  from  0.5  to  the  value  characteristic  of  the  input  SNR. 


4. 1.4. 2  Test  Equipment: 


4.1 .4.2.1  Procedure  1 : 


Noise  source 
Premodulation  filter 
Frequency  counter 
PCM  test  set 


4. 1.4. 2. 2  Procedure  2: 

Noise  source 
Summing  amplifier 
PCM  data 
Digital  delay 
Oscilloscope 

PN  sequence  transmitter/ receiver 


4. 1.4. 3  Test  Method: 

4. 1.4. 3.1  Procedure  1: 


4. 1.4. 3. 1.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.4-1 


NOTE 

Refer  to  subparagraph  4.0.1  for  standard,  test  con¬ 
ditions  for  testing  with  gaussian  noise. 


4. 1.4. 3. 1.2  Calibrate  the  PCM  test  set  for  an  output  SNR  in  accordance 
with  the  calibration  instructions  detailed  in  subparagraph  4.1.1. 
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Preceding  page  blank 


>poLO  -}X3 


Procedure 


4. 1.4. 3. 1.3  Set  the  PCM  output  SNR  to  0  dB  and  set  the  PCM  test  set  to 
measure  the  number  of  bit  periods  required  to  achieve  ACQ. 


NOTE 


Measures  should  be  taken  to  assure  that  phase  errors 
are  not  introduced  by  the  test  setup,  e.g.,  when  the 
setup  includes  a  premodulation  filter.  Measurement 
difficulties  may  occur  when  detection  circuitry  is 
phase  sensitive. 


4. 1.4. 3. 1.4  Monitor  the  clock  output  of  the  PCM  test  set  with  a  counter 
to  assure  that  the  bit  rate  is  correct.  If  the  bit  rate  is  not  within 
the  desired  accuracy  limit,  use  one  of  the  methods  contained  in  subpara¬ 
graph  4. 0.1. 2  to  adjust  the  bit  rate. 

4. 1.4. 3. 1.5  Repeat  measurements  of  the  number  of  bit  periods  required 
to  achieve  ACQ  for  other  SNR  settings  shown  on  Data  Sheet  4. 1.4.1. 

4. 1.4. 3. 1.6  Measure  acquisition  bit  periods  at  selected  SNRs  for  the  bit 
rate  offsets  shown  on  Data  Sheet  4. 1.4. 2.  Note  that  the  premodulation 
filter  is  not  used  during  acquisition  tests  with  bit  rate  offsets. 

4.1 .4.3.2  Procedure  2 


4. 1.4. 3. 2.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.4-2 


NOTE 


Refer  to  subparagraph  4.0.1  for  standard  test  con¬ 
ditions  for  testing  with  gaussian  noise. 


4. 1.4. 3. 2. 2  Calibrate  the  test  setup  for  output  SNR  in  accordance  with 
the  calibration  instructions  detailed  in  subparagraph  4.1.1. 

4. 1.4. 3. 2. 3  Use  an  oscilloscope  to  compare  the  phase  of  the  transmitter 
PN  generator  clock  with  large  SNR  to  the  phase  of  the  bit  synchronizer 
clock  output.  Select  the  phase  of  the  output  bit  clock  of  the  bit 
synchronizer  which  is  within  ±45°  of  the  transmitter  clock. 

4. 1.4. 3. 2. 4  Set  the  PCM  output  SNR  to  the  minimum  SNR  indicated  on  Data 
Sheet  4. 1.4.1  which  can  be  acquired  by  the  bit  synchronizer.  Note 
setting  of  noise  attenuator. 
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BIT 

SYNCHRONIZER 


XMTR  PN 
GENERATOR 


DELAY 


BIT  CLOCK  PHASE  SELECTOR 


COMMAND 


OSCILLOSCOPE  WITH 
STORAGE  TUBE, 
PERSISTENT  PHOSPHOR 
OR  CAMERA 


Figure  4. 1.4-2  Acquisition  Test  Setup  for  Procedure  2 


RCVR  PN 

ERROR 

- - 

GENERATOR, 

SYNCHRONIZER 
AND  ERROR 
DETECTOR 

4. 1.4. 3. 2. 5  To  obtain  initial  synchronization  of  the  receiver  PN 
generator,  increase  noise  attenuation  to  give  a  large  SNR.  Turn  on  the 
PCM  gate  to  let  the  bit  stream  pass  through.  This  will  lock  the  re¬ 
ceiver  PN  generator.  It  will  stay  in  lock  regardless  of  PCM  input 
because  the  transmitter  PN  generator  clock  is  fed  directly  to  the  re¬ 
ceiver  PN  generator. 

4. 1.4. 3. 2. 6  Disable  the  automatic  restart  function  in  the  receiver  PN 
generator. 


i:ote 

Since  some  PCM  teat,  sets  do  not  incorporate  a 
disable  sisitch,  it  is  necessary  to  install  a 
suite's  to  break  the  automatic  restart  cormand 
function.  Generally ,  the  manual  "reset"  button 
also  reloads  and  starts  the  PN  generator  on 
make  or  break. 


4. 1.4. 3. 2. 7  Turn  off  the  PCM  gate. 

4. 1.4. 3. 2. 8  Set  the  oscilloscope  for  single  sweep  and  adjust  the  sweep 
rate  for  display  of  acquisition.  (See  appendix  IV-C.) 

4. 1.4. 3. 2. 9  Set  noise  attenuator  to  the  value  given  in  step  4. 1.4. 3. 2. 4. 
Turn  on  the  PCM  gate.  Observe  time  of  acquisition  from  the  oscilloscope 
display  and  record  in  terms  of  the  number  of  bits  on  Data  Sheet  4. 1.4.1. 

4.1.4.3.2.10  Repeat  step  4. 1.4. 3. 2. 9  for  the  other  SNR  settings  shown 
on  Data  Sheet  4.1 .4.1 . 

4.1.4.3.2.11  Measure  acquisition  bit  periods  at  selected  SNRs  for  the 
bit  rate  offsets  shown  on  Data  Sheet  4. 1.4. 2. 


NOTE 

By  using  a  linear  gate  for  the  noise  source  in 
figure  4. 1.4-2  and  bypassing  the  PCM  gate,  the 
circuit  can  be  used  to  measure  BSP. 


4. 1.4. 3. 3  Data  Reduction  -  Record  data  on  Data  Sheet  4. 1.4.1  or  4. 1.4. 2 
as  appropriate.  Examples  of  Inputs  to  Data  Sheets  4. 1.4.1  and  4. 1.4. 2 
are  shown  in  figures  4. 1.4-3  and  4. 1.4-4  respectively.  Corresponding 
sample  data  plots  are  shown  in  figures  4. 1.4-5  and  4. 1.4-6. 
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DATA  SHEET  4. 1.4. 2  ACQUISITION  TEST  (WITH  BIT  RATE  OFFSET) 


rest:  4.1.4  Acquisition  Test 

Manufacturer  _ 

Tested  by  _  _  S* 


V>  '  r  DCi'^ial  No 

S>8 


Bit  Synchronizer  Input  Signal  Conditions 


PCM  Signal 

Noise  Signal 

(Gaussian) 

Pruned 

Filter 

SNR 

3it  Rate 
(kB/s) 

Amplitude 

(VP-P) 

Code 

Word  Pattern 

Cal.  B.W. 
(kHz) 

Cal  (V  rnss) 

Cutoff 

Freq  (kHz) 

dB 

lOO 

1.0 

NPZ-L 

PR 

lOO 

o.5 r 

None 

15 

Bit  Synchronizer  Settings 


Detector 


Loop  B.W.  Trackng  Range 
(%  Bit  Rate)  (%  Bit  Rate) 


Acquisition  Bits 


■ 

5. 

EO 

(otib* 

El 

iltic 

I.SAIO^ 

».7»  I03 

439 

1.7  <l<£ 

438 

53’ 

O 

O 

O 

m 

20  A 

0 

162 

o 

0 

WD 

we 

0 

779 

747 

1  St.103 

ISA  tO5 

,r*K>3 

3.1  Xtc? 

6.7AI03 

»  8*  ,0* 

/.5XI03 

iSYlO1 

1.3*  r5 

1  2XIP* 

447 

574 

147 

50 

CD 

141 

m 

0 

m 

o 

201 

sa 

m 

74 

fc/O 

827 

I'iiicf 

L7XI03 

?  Hlf)3 

6  7X/0* 


l.fci t'O’ 


».'4  XIO5 


495- 


156 


/32 


70 


j#.-6K  /Os 


I-*  5  tO 


i.Px  ;os 


1 3>l 


84 


5*4 


O 


O 


734 


1.7X10  3 


»  7<IO  4 


•Record  the  calculated  average  for  10  discrete  measurements 
••Limit  of  test  set  readout. 

1QTE:  Additional  measurements  may  be  required  where  the  elope  of  the 
data  changes  abruptly. 

Figure  4. 1.4-4  Sample  of  Data  Sheet  4. 1.4. 2 
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ACQUISITION 

VERSUS 

SIGNAL-TO-NOISE  RATIO 


SAMPLE  DATA 

NOT  TO  BE  USED  FOR 
EQUIPMENT  SPECIFICATIONS 


O  3>  & 


12  15"  IB  ?l  24 

SNR  (dB) 


Figure  4. 1.4-5  Sample  Plot  Presentation  of  Data  Sheet  4. 1.4.1. 
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TIME  (bit  periods) 


1 


ACQUISITION 

VERSUS 

BIT  RATE  OFFSET 


SAMPLE  DATA 

NOT  TO  BE  USED  FOR 
EQUIPMENT  SPECIFICATIONS 


-IOO  -So  -60  -  40  -20  O  +  ?o  +40 

BIT  RATE  OFFSET  (%  of  tracking  range) 


SO  -HOO 


Figure  4. 1.4-6  Sample  Plot  Presentation  of  Data  Sheet  4. 1.4. 2. 
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ACQUISITION  TEST 


DATA  SHEET  4. 1.4.1 


Model 


Manufacturer 


Bit  Synchronizer  Input  Signal  Conditions 


PCM  Signal 


Amplitude 

(VP~P) 


Code 


Word  Pattern 


ACQUISITION  BITS 


Total  Bits 
(avg)* 


Record  the  calculated  average  for  10  discrete  measurements 


NOTE:  Additional  measurements  may  be  required  where  the  slope  of  the 
data  changes  abruptly. 


Preceding  page  blank 


Noise  Signal 

(Gaussian) 

Premodulation 

Filter 

Cal.  B.W. 
(kHz) 

Cal.  (V  rms) 

Cutoff  Freq. 
(kHz) 

Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

(%  Bit  Rate) 

Trackng  Range 
(%  Bit  Rate) 

DATA  SHEET  4. 1.4. 2 


ACQUISITION  TEST  (WITH  BIT  RATE  OFFSET) 


1W  Test:  4.1.4  Acquisition  Test  (with  Bit  Rate  Offset) 


Manufacturer 


Tested  by 


Model 


Serial  No. 


Bit  Synchronizer  Input  Signal  Conditions 


PCM  Signal 


Bit  Rate  Amplitude  Code 
(kB/s)  (Vp-p) 


Word  Pattern 


Noise  Signal  (Gaussian) 


Cal.  B.W. 
(kHz) 


Premod 

Filter 


Cal  (V  rras)  Cutoff 

Freq  (kHz) 


Bit  Synchronizer  Settings 


Loop  B.W.  Trackng  Range 
(%  Bit  Rate)  (%  Bit  Rate) 


.(  .  .  «...  I  —  «... 


*Record  the  calculated  average  for  10  discrete  measurements. 

NOTE:  Additional  measurements  may  be  required  where  the  slope  of  the 
data  changes  abruptly. 
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4.1.5  Jitter  Test 


.1 


8 


4. 1.5.1  Purpose  -  This  test  determines  the  effects  of  bit  jitter  on  ACQ 
in  the  bit  synchronizer.  The  criterion  of  performance  is  the  BSP. 

4 . 1 . 5 . 2  Test  Equipment: 

4. 1.5. 2.1  The  following  is  used  in  the  test  setup  shown  in  figure  4. 1.5-1 
(Method  I): 

Noise  source  , 

Premodulation  filter 

Frequency  counter 

PCM  test  set 

Signal  generator 

Noise  source  (jitter  source) 

4. 1.5. 2. 2  The  following  is  used  in  the  test  setup  shown  in  figure  4. 1.5-2 
(Method  II): 

Noise  source 
Premodulation  filter 
Frequency  counter 

Signal  generator  (jitter  frequency  source) 

Signal  generator  (external  clock  source  which  can  be  frequency 


modulated) 


BER  test  set  (transmitter  and  receiver) 
Calibrated  attenuator 
Noise  source  (jitter  source) 


4.1 .5.3  Test  Method: 


4. 1.5. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 1.5-1 
or  4. 1.5-2.  (The  test  method  is  the  same  for  either  test  setup.) 


NOTE 

Refer  to  subparagraph  4.0.1  for  standard  test  con¬ 
ditions  for  testing  with  gaussian  noise. 


4. 1.5. 3. 2  Calibrate  the  test  setup  output  of  SNR  in  accordance  with  the 
calibration  instructions  detailed  in  subparagraph  4.1.1. 

4. 1.5. 3. 3  Adjust  the  test  setup  to  measure  bit  (clock)  slips  or  re¬ 
starts  in  the  measurement  intervals  shown  on  Data  Sheet  4. 1.5.1. 


Preceding  pege  blenk 
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Figure  4. 1.5-1  Jitter  Test  Setup  Using  PCM  Test  Set  (Method  I). 


NOTE 


Measures  should  be  taken  to  assure  that  phase 
errors  are  not  introduced  by  the  test  setup , 
e.g.3  when  the  setup  includes  a  premodulation 
filter.  Measurement  difficulties  may  occur  when 
detection  circuitry  is  phase  sensitive. 

4. 1.5. 3. 4  Adjust  the  test  setup  for  the  desired  SNR  and  measure  the 
total  number  of  bit  (clock)  slips  (both  plus  and  minus). 


NOTE 

The  steps  in  subparagraphs  4. 1.5. 3. 5  and 
4. 1.5. 3. 6  describe  two  methods  which  may 
be  used  to  jitter  the  PCM  output  of  the  test 
setup.  The  equipment  setup  for  each  method 
is  shown  in  figure  4. 1.5-3. 

4. 1.5. 3. 5  For  Method  I,  make  the  following  adjustments  to  obtain  the 
desired  bit  rate: 

4. 1.5. 3. 5.1  Connect  the  signal  generator  to  the  FM  input  of  the  PCM 
test  set  and  set  the  generator  d.c.  offset  and  output  amplitude  to  0. 


4. 1.5. 3. 5. 2  Monitor  the  clock  output  of  the  PCM  test  set  with  a  fre¬ 
quency  counter. 


4. 1.5. 3. 5. 3  Adjust  the  bit  rate  of  the  PCM  test  set  until  the  counter 
indicates  the  desired  bit  rate. 

4. 1.5. 3. 6  For  Method  II,  make  the  following  adjustments  to  obtain  the 
desired  bit  rate  when  using  an  external  clock  generator  (square-wave 
signal): 

4. 1.5. 3. 6.1  Set  the  signal  generator,  d.c.  offset  and  signal  amplitude 
to  0  and  connect  to  the  voltage  control  generator  input  of  the  external 
clock  generator. 

4. 1.5. 3. 6. 2  Monitor  the  clock  output  of  the  PCM  test  set  with  a  fre¬ 
quency  counter. 

4. 1.5. 3. 6. 3  Adjust  the  frequency  control  of  the  external  clock  generator 
until  the  counter  connected  to  the  clock  output  of  the  PCM  test  set 
indicates  the  required  bit  rate. 


IV-4-48 


H 


SIGNAL 

GENERATOR 


FREQUENCY 

COUNTER 

(fm) 


METHOD  I 


EXTERNAL 


SIGNAL 

GENERATOR 


GENERATOR 


SYNC  OUT 


TO  EXTERNAL  CLOCK 
INPUT  ON  TRANSMITTER 
PN  GENERATOR 


FREQUENCY 

COUNTER 

(fm) 


METHOD  II 


Figure  4. 1.5-3  Bit  Rate  Jitter  (methods) 


4. 1.5. 3. 7  Adjust  the  frequency  of  the  signal  generator  for  the  desired 
rate  of  jitter  (fm).  Measure  fm  accurately  with  the  counter. 

4. 1.5. 3. 8  Adjust  the  amplitude  of  the  signal  generator  output  until  the 
peak  deviation  of  the  bit  rate  ( Af )  causes  a  BSP  in  the  range  of  lxlO-6 
to  lxlO-5. 


_ Total  Bit  Slips  Measured _ 

BSP~Number  of  Bits  Transmitted  During  Measurement  Interval 


NOTE 


The  following  method,  may  be  used  to  determine  A f: 

1.  Adjust  the  output  amplitude  of  the  signal 
generator  to  zero.  2.  Adjust  the  d.a.  offset  of  the 
signal  generator  (use  a  direot-aoupled  oscilloscope) 
to  equal  the  peak  amplitude  of  the  waveform  which 
produced  the  BSP  just  measured.  3.  Calculate  Af 
from  the  change  in  the  PCM  test  set  clock  frequency. 


& 


a 


-•'3 
.  i 

v 
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4. 1.5. 3. 9  Repeat  the  measurements  for  other  combinations  of  fm  and  Af 
as  desired. 


4.1.5.3.10  Repeat  the  entire  test  for  other  values  of  output  SNR,  if 
needed. 

4.1.5.3.11  For  the  noise  jitter  test,  replace  the  signal  generator 
(a.c./d.c.)  in  figure  4. 1.5-3  with  a  shaped  noise  source  to  simulate 
jitter  as  required.  (See  appendix  I V-C  for  suggested  circuits.)  Re¬ 
place  the  frequency  counter  (for  fm)  in  figure  4. 1.5-3  with  a  true  rms 
voltmeter.  Use  the  calibration  determined  in  subparagraph  4. 1.5. 3. 8  to 
calculate  the  percent  of  rms  jitter  of  the  bit  clock.  For  example,  let 
Vdc=offset  from  the  signal  generator  required  to  produce  Af.  Then  the 
jitter  is  modulation  sensitivity  Sj=Af/VdcHz  per  volt.  The  rms  jitter 

is  then  equal  to  SjVp^sHz,  where  Vnns  is  the  voltage  output  of  the 
shaped  noise  generator  as  read  by  the  true  rms  voltmeter.  The  per¬ 
centage  of  jitter  is  given  by  100  SjV^g/f^,  where  fb=bi t  rate. 


-  V 

I 

1  vi 


NOTE 

A  flutter  meter  can  be  used  to  measure  the  percentage 
of  jitter  directly. 


4.1.5.3.12  Adjust  the  rms  voltage  at  the  output  of  the  shaped  noise 
generator  to  produce  a  BSP  in  the  range  of  10-6  to  10-5  as  in 
step  4. 1.5. 3. 8. 
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4.1.5.3.14  Repeat  the  test  for  other  values  of  the  output  SNR  as 
required. 

4. 1.5. 4  Data  Reduction  -  Record  data  on  Data  Sheet  4. 1.5.1.  An  example 
of  Data  Sheet  4. 1.5.1  use  Is  shown  In  figure  4. 1.5-4  and  a  corresponding 
sample  data  plot  Is  shown  In  figure  4. 1.5-5. 
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Bit  Synchronizer  Input  Signal  Conditions 


Premod 

Filter 


Noise  Signal  (Causslan) 


PCM  Signal 


Bit  Rate 


Amplitude 


Code 


Cutoff 


(kB/ s) 


Measurement  Interval  *  (Period  10  Bits) 


Hold  constant  in  range 
,„-5  >  _  >  . „-6 


♦Measurement  interval  p 

NOTE:  Additional  meaeurem 
abruptly. 


nicies  reliable  repeatability  for  BSP  >1  x  10 
u;  may  be  required  where  the  slope  of  the  data  changes 


Figure  4. 1.5-4  Sample  of  Data  Sheet  4. 1.5.1 
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Word  Pattern 

Cal.  B.W. 
(kHz) 

PR 

IOO 

Jitter 

(Hz) 

Af  (Hz) 

O.l 

5000 

1.0 

300  0 

IO 

3 OOO 

2>ZO0 

50 

zgoo 

5*0 

\soo 

fOO 

61 Z 

"iOO 

466 

700 

1000 

IOOO 

1700 

Z  non 

Bit 

Synchronizer  Settings 

Detector 

Loop  B.W. 

Trackng  Range 

Type 

(Z  Bit  Rate) 

(Z  Bit  Rate) 

DATA  SHEET  4. 1.5.1 

Test:  4.1.5  Jitter  Test 

Manufacturer 

JITTER  TEST 

-yV  cXP  rtf*'  SerU1  "° 

1  e 

Tested  by  1 

Sample  Plot  Presentation  of  Oata  Sheet  4. 1.5.1 


DATA  SHEET  4. 1.5.1 


JITTER  TEST 


Test:  4.1.5  Jitter  Test 

tonufacturer  _ 

Tested  by  _ 


Mod*) 


Serial  No 


Bit  Synchroniser  Input  Signal  Conditions 


PCM  Signal 

Noise  Signal 

(Causaian) 

Bit  Rate 
(kB/s) 

Amplitude 

(vP-p) 

Code 

Word  Pattern 

Cal.  B.W. 
(kHz) 

Cal  (V  me) 

Prenod 

filter 


Bit  Synchronizer  Settings 


Detector  Loop  B.W.  Trading  Range 

Type  ( X  Bit  Rate)  (Z  Bit  Rate) 


Jitter 

BSP 

f»  (Hz) 

flf  (Hz) 

Hold  constant  In  range 
10-5  -  BSP  -  I0~h 

Measurement  Interval  *  (Period  10  Bits) 


* Measurement  interval  provides  reliable  repeatability  for  BSP  >1  x  10" 6 
NOTE:  Additional  measurements  may  be  required  where  the  elope  of  the  data  etungee 


abruptly. 
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4.1.6  Bit  Stream  Base-Line  Wander  and  AH  Test 


4. 1.6.1  Purpose  -  This  test  determines  the  effects  of  bit  stream  base- 
line  wander  and  AM.  Base-line  wander  results  from  passage  of  the  bit 
stream  through  devices  lacking  d.c.  response,  such  as  tape  recorders  and 
capacity-coupled  circuits,  and  from  Incidental  PH  or  FM  In  transmitters. 

A  principal  cause  of  bit  stream  AM  Is  tape  bounce. 

4. 1.6. 2  Test  Equipment: 

4. 1.6. 2.1  The  following  Is  used  In  the  test  setup  shown  In  figure  4. 1.6-1. 

Noise  source 
Low-pass  filter 

Signal  generator  (for  base-line  Input) 

Signal  generator  (for  AH  Input) 

Amplitude  modulator 
Premodulation  filter 
True  rms  voltmeter 
Frequency  counter 
PCM  test  set 

4. 1.6. 2. 2  The  test  setup  shown  In  figure  4. 1.6-2  uses  the  same  equip¬ 
ment  listed  in  subparagraph  4. 1.6. 2.1  except  It  replaces  the  PCM  test 
set  with  a  PCM  BER  test  set,  a  calibrated  noise  attenuator  and  a  summing 
amplifier. 

4. 1.6. 3  Test  Procedures: 

4. 1.6. 3.1  Setup  -  Connect  the  test  equipment  as  shown  In  figure  4. 1.6-1 
or  4. 1.6-2. 


NOTE 

Refer  to  subparagraph  4.0.1  for  standard  test  con¬ 
ditions  for  testing  with  gOussian  noise. 


4. 1.6. 3. 2  Calibrate  the  PCM  test  set  output  SNR  In  accordance  with  the 
calibration  Instructions  detailed  In  subparagraph  4.1.1. 

4. 1.6. 3. 3  Adjust  the  frequency  and  amplitude  of  the  oscillator  feeding 
the  base-line  Input  as  required.  Adjust  the  frequency  and  amplitude  of 
the  oscilloscope  feeding  the  AM  modulator  as  required.  Use  the  oscillo¬ 
scope  to  verify  that  the  requirements  are  met. 
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PREMODU¬ 
LATION  FILTER 
(LINEAR  PHASE) 


Figure  4.1. 6-1  Bit  Stream  Base-Line  Hander  and  AM  Test  Setup  with  PCM  Test  Set. 


Stream  Base-Line  Wander  and  AM  Test  Setup  for  the  Case  In  which  the 
se  Attenuator  and  Summing  Amplifier  are  External  to  the  PCM  Test  Set. 


NOTE 


Percent  AM  and  base-line  Dander  are  defined  as  folloDs 


(Crest  Ampl. )+ (Trough  Antpl.) 


4. 1.6. 3. 4  Perform  the  bit  error  test,  the  bit  jitter  test,  the  bit 
slippage  test  and  the  acquisition  test. 

4. 1.6. 4  Data  Reduction  -  Record  data  on  Data  Sheets  4. 1.6.1,  4. 1.6. 2,  4. 1.6. 3 
or  4. 1.6. 4  as  appropriate.  Examples  of  inputs  to  these  data  sheets  are 
shown  in  figures  4. 1.6-3  through  4. 1.6-6  and  corresponding  sample  data 

plots  are  shown  in  figures  4. 1.6-7  through  4.1 .6-10. 


NOTE 


The  results  of  Part  I  can  be  interpreted  directly 
in  terms  of  ±v/2  PCM/PM  with  the  carrier  coherently 
detected  if  the  SNR  of  Part  I  is  replaced  with  the 
SNR  in  a  predetection  bandwidth  equal  to  the  bit  rate 


DATA  SHEET  4. 1.6.1  BEP  TEST  WITH  BIT  STREAM  AM 


Test:  4.1.6  Bit  Stream  Base-Line  W* 


Serial  No 


Manufacturer 


Slg.  Gen.  Mfg.  PC  5 _ 

Model  GOV  -  4-  Serial  No.  9*306 


Rcvr.  Mfg 
Model  4142  Serial  No.  219 


Carrier  Freq 


Measurement  Interval 
(Period  10N  bits) 


Perturbed 


Not  Perturbed 


Figure  4. 1.6-3  Sample  of  Data  Sheet  4. 1.6.1 


Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

(X  Bit  Rate) 

Tracking  Range 

(X  Bit  Rate) 

FS 

0.3 

3.0 

PCM  Signal 

FM  Link  Settings 

AM 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

F i 1  ter 
Bandwidth 
kHz 

X 

Freq. 

X  Bit 
Rate 

100 

oo 

NR1 

PR 

140 

ISO 

10 

□ 

S 

BEP  TEST  WITH  BASE-LINE  WANDER  ADDED  TO  BIT  STREAM 


DATA  SHEET  4. 1.6. 2 


Test:  4.1.6  Bit  Stream  Base-Line  W 


Serial  No 


Manufacturer 


Tested  by 


Bit  Synchronizer  Input  Signal  Conditions 


Bit  Synchronizer  Settings 


Sig.  Gen.  Mfg.  PCS _ 

Model  GOV-  4-  Serial  No.  9438£ 

Rcvr.  Mfg.  [MR _ 

Model  4IV2  Serial  No.  219 


Detector 


Tracking  Range 


Carrier  Freq 


Measurement  Interval 
(Period  10N  bits) 


Perturbed 


Not  Perturbed 


Figure  4. 1.6-4  Sample  of  Data  Sheet  4. 1.6. 2 


PCM  Signal 

FM  Link  Settings 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

Filter 

Bandwidth 

kHz 

100 

©o 

NR* 

PR 

70 

3fcO 

10 

BEP  TEST  WITH  BASE-LINE  WANDER  ADDED  TO  AM  BIT  STREAM 


DATA  SHEET  4. 1.6. 3 


Test:  4.1.6  Bit  Stream  Base-Line  w 


Serial  No 


Manufacturer 


Tested  by 


Bit  Synchronizer  Input  Signal  Conditions 


Sig.  Gen.  Mfg.  _ 

Model  GOV- 4-  Serial  No. 


Rcvr.  Mfg.  LWVK _ 

Model  414-2  Serial  No. 


Carrier  freq 


Measurement  Interval 
(Period  10^  bits) 


Perturbed 


Not  Perturbed 


Figure  4. 1.6-5  Sample  of  Data  Sheet  4. 1.6. 3 


PCM  Signal 

FM  Link  Settings 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

Filter 

Bandwidth 

kHz 

100 

OO 

NR1 

PR. 

70 

34,0 

70 

Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

(%  Bit  Rate) 

Tracking  Range 

(%  Bit  Rate) 

PS 

**  4- 

DATA  SHEET  4. 1.6. 4 


BIT  ERROR  PROBABILITY  TEST  WITH  AH  PLUS  BASE-LINE 
WANDER  PLUS  JITTER 


Test:  4.1.6  Bit  Stream 

Manufacturer  _ 

Tested  by  _  _ ftl 


■earn  Base-Line  '*  ^ 


Serial  No. 


Bit  Rate 
kB/s 


PCM  Signal 


Premodulation 
F i 1  ter 

Bandwidth  kHz 


Bit  Synchronizer  input  Signal  Conditions 


FM  Link  Settings 


Carrier 

Deviation 


Pattern  Peak,  kHz 


NR!  PR 


IF 

Bandwidth 

kHz 

Post 

Detection 

Filter 

Bandwidth 

kHz 

«v 

U 

300 

70 

50 

Bit  Synchronizer  Settings  Jitter  Jitter 


Detector  Loop  BW  Tracking  6  dB  %  (rms) 

Type  ( %  Bit  Range  Point  Bit  Rate 

Rate)  (%Bit  (%Bit 
_  Rate)  Rate) 


F5 


Sig.  Gen.  Mfg.  PC  _ 

Model  GOV-  A  Serial  No.  1438 
Rcvr.  Mfg.  LNAR 


Model  4  I  42^  Serial  Ho.  2 19 
Carrier  Freq.  450  KHl 


Measurement  Interval 


(Period  10N  bits) 


Perturbed  Not  Perturbed 


1.7  A  10"6 


Figure  4. 1.6-6  Sample  of  Data  Sheet  4. 1.6. 4. 
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CYCLES  X  60  DIVISIONS 


BIT  ERROR  PROBABILITY  VERSUS  IF 
SIGNAL-TO-NOISE  RATIO  WITH  FM  LINK 
AND  BIT  STREAM  BASELINE  WANDER 


50%  BL  WANDER  OF  FREQUENCY 
0.25%  OF  BIT  RATE 


SAMPLE  DATA 

NOT  TO  BE  USED  FOR 
EQUIPMENT  SPECIFICATIONS 


(IF)  SNR  (dB) 

Figure  4. 1.6-8  Sample  Plot  Presentation  of  Data  Sheet  4. 1.6. 2 
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DATA  Sheet  4. 1.6.1  BEP  TEST  WITH  BIT  STREAM  AM 

Test:  4.1.6  Bit  Stream  Base-Line  Wander  and  AM  Test 
Manufacturer _ _ Model  _ 


Serial  No 


Tested  by 


Measurement  Interval 
(Period  10N  bits) 


Not  Perturbed 


Perturbed 


Bit  Synchronizer  Settings 

Sig.  Gen.  Mfg. 

Detector  Loop  B.W.  Tracking  Range 

Model 

Serial  No 

Type  (*  Bit  Rate)  (%  Bit  Rate) 

Rcvr.  Mfg. 

Model 

Serial  No 

Carrier  Freq. 

Bit  Synchronizer  Input  Signal  Conditions 

PCM  Signal 

FM  Link  Settings 

AM 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

Filter 

Bandwidth 

kHz 

* 

Freq. 

X  Bit 
Rate 

$ 

DATA  Sheet  4.1.6. 2  3EP  TEST  WITH  BASE-LINE  WANHfq  ADDED  TO  BIT  STREAM 

Test:  4.1.6  Bit  Stream  Base-Line  Wander  and  AM  Test 

Manufacturer _ Model  _ Serial  No.  _ 

Tested  by _ ■ _ * _ _ _ 

Date _ 


Bit  Synchronizer  Input  Signal  Conditions 

PCM  Signal 

FM  Link  Settings 

BLW 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

F i 1  ter 
Bandwidth 
kHz 

X 

Freq. 

X  Bit 
Rate 

Sig.  Gen.  Mfg.  _ 

Model  _  Serial  No. 

Rcvr.  Mfg.  _ 

Model  _  Serial  No. 

Carrier  Freq.  _ 


Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

(X  Bit  Rate) 

Tracking  Range 

(X  Bit  Rate) 

IF 

SNR 

BEP 

Measurement  Interval 
(Period  10^  bits) 

dB 

Perturbed 

Not  Perturbed 

N 

3 

5 

6 

5 

9 

6 

12 

8 

15 

8 

18 

8 
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DATA  SHEET  4. 1.6. 3 


BEP  TEST  WITH  BASE-LINE  WANDER  ADOED  TO  AH  BIT  STREAM 


Test:  4.1.6  Bit  Stream  Base-Line  Wander  and  AH  Test 

Manufacturer _ Model  _ Serial  No. 

Tested  by _ ,  _ 

Date _ 


Bit  Synchronizer  Input  Signal  Conditions  I 

PCM  Signal 

FM  Link  Settings 

BLW 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth 

kHz 

Post 

Detection 

Filter 

Bandwidth 

kHz 

t 

Freq 

X  Bit 
Rate 

X 

Freq. 

X  Bit 
Rate 

Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

[X  Bit  Rate) 

Tracking  Range 

(%  Bit  Rate) 

Sig.  Gen.  Mfg.  _ 

Model  _  Serial  No. 

Rcvr.  Mfg.  _ 

Model  _  Serial  No. 

Carrier  Freq.  _ 


IF 

SNR 

BEP 

Measurement  Interval 
(Period  10N  bits) 

dB 

Perturbed 

Not  Perturbed 

N 

3 

5 

6 

5 

9 

6 

12 

8 

15 

8 
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DATA  SHEET  4. 1.6. 4 


BEP  TEST  WITH  AM  PLUS  BASE-LINE  WANDER  PLUS  JITTER 


Test:  4.1.6  Bit  Stream  Base-Line  Wander  and  AM  Test 


Serial  No 


Manufacturer 


Tested  by 


Bit  Synchronizer  Input  Signal  Conditions 


FM  Link  Settings 


Carrier 
Deviation 
Peak-to- 
Peak,  kHz 


Post 

Detection 

Filter 

Bandwidth 

kHz 


Premodulation 
F i 1  ter 

Bandwidth  kHz 


IF 

Bandwidth 

kHz 


Word 

Pattern 


Model 


Rcvr.  Mfg 
Model 


Serial  No 


Carrier  Freq 


Measurement  Interval 
(Period  10N  bits) 


Not  Perturbed 


Perturbed 


Preceding  page  blank 


Bit  Synchronizer  Settings 

— 

Jitter 

Jitter 

j  Detector 

T  r.e 

Loop  BW 
(*  Bit 
Rate) 

Tracking 
Range 
( %B  i  t 
Rate) 

6  dB 
Point 
(%Bi  t 
Rate) 

%  (rtns) 
Bit  Rate 

4.2  Part  II.  PCM/FM  Testing 

Part  II  modifies  the  procedures  of  Part  I  and  is  to  be  used  to  determine 
if  a  selected  bit  synchronizer  has  the  required  characteristics  essential 
for  PCM/FM  telemetry  applications. 

4.2.1  Test  Setup  Calibration  for  Predetection  SNR 

4. 2. 1.1  Purpose  -  The  SNR  Is  an  important  parameter  In  many  of  the 
performance  tests  conducted  on  PCM  bit  synchronizers.  Calibration  of 
the  test  setup  is  necessary  for  obtaining  an  accurate  SNR  to  allow 
evaluation  of  performance  in  satisfying  specifications  or  for  comparing 
competing  designs. 

4. 2. 1.2  Test  Equipment: 

t 

4. 2. 1.2.1  For  procedure  using  test  setup  shown  in  figure  4. 0.2-1: 

BER  test  setup  or  PCM  test  set 

Voltage  controlled  oscillator 

Noise  source 

Band-pass  filter 

Amplifier 

Discriminator 

True  rms  voltmeter 

4. 2. 1.2. 2  For  procedure  using  test  setup  shown  in  figure  4.0. 2-2: 

BER  test  setup  or  PCM  test  set 
RF  signal  generator 
Receiver 

True  rms  voltmeter 
4. 2. 1.3  Test  Method: 


4. 2. 1.3.1  Procedure  1  (using  setup  in  figure  4. 0.2-1): 

4. 2. 1.3. 1.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4.0. 2-1 


NOTE 

Refer  to  subparagraphs  4.0.1  and  4.0.2  for  standard 
test  conditions. 
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Preceding  page  blank 


4. 2. 1.3. 1.2  Set  output  attenuation  on  the  noise  source  to  -40  dB  and 
set  the  variable  output  level  control  to  its  minimum  value. 

4. 2. 1.3. 1.3  Set  the  output  of  the  voltage  controlled  oscillator  (VCO) 
to  a  convenient  level  in  the  range  of  0.1V  to  0.3V  rms  as  read  on  the 
true  rms  voltmeter. 

4. 2. 1.3. 1.4  Set  the  output  attenuator  on  the  noise  source  to  5  dB  and 
adjust  the  variable  level  control  so  that  the  reading  on  the  true  rms 
voltmeter  increases  3  dB.  If  the  input  circuits  of  the  discriminator 
are  linear  in  the  range  selected,  the  signal  power  from  the  VCO  is  equal 
to  the  noise  power. 

4. 2. 1.3. 1.5  Check  results  against  the  following  chart  to  test  for 


1 inearity. 

Noise  Source 
Attenuator 

Output  Power 

dB  Increase  on  True  RMS 
Voltmeter  (relative  to  S) 

40  dB 

S 

— 

5 

2S 

3 

2 

3S 

4.8 

0 

4S 

6 

4. 2. 1.3. 1.6  If  the  results  do  not  check,  reduce  the  output  of  the  VCO 
and  repeat.  Having  found  a  linear  range,  SNR  in  the  band-pass  filter 
(BPF)  output  can  be  varied  in  1 -dB  steps  by  the  noise  source  output 
attenuator.  For  example,  when  the  noise  source  output  attenuator  is  set 
for  18  dB,  SNR  is  13  dB  etc. 

BPF  Output  SNR  (dB)=noise  generator  output  attenuator  (dB)  -5  dB. 

4. 2. 1.3. 2  Procedure  2  (using  setup  in  figure  4. 0.2-2) 

4. 2. 1.3. 2.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4. 0.2-2. 

NOTE 

Refer  to  subparagraphs  4.0.1  and  4.0.2  for  standard 
test  conditions. 


NOTE 


Here  the  noise  source  is  the  RF  section  of  the 
receiver  which  has  a  fixed  noise  level.  Therefore , 
it  is  convenient  to  use  the  output  attenuator  on 
the  RF  signal  generator. 


4. 2. 1.3. 2. 2  Turn  the  output  attenuator  to  -130  dBm  or  less. 


4. 2. 1.3. 2. 3  Disable  the 
vides  linearity  over  the 

receiver  AGC  and  substitute  a  bias  which  pro¬ 
range  N  to  4N. 

4. 2. 1.3. 2. 4  Increase  the  signal  generator  output  power  (Ps)  until  the 
true  rms  voltmeter  reading  increases  3  dB.  Call  this  Psi.  If  the 
receiver  IF  is  operating  in  a  linear  range,  Psi=N. 

4. 2. 1.3. 2. 5  Test  for  linearity  by  checking 
ing  chart. 

results  against  the  follow- 

ps 

Output  Power 

dB  Increase  (relative  to  N) 

0  (or  -130  dBm) 

N 

Psi 

2N 

3 

2Psi  (P$i+3  dB) 

3N 

4.8 

3Psi  (Psi+4.8  dB) 

4N 

6 

4. 2. 1.3. 2. 6  If  the  results  do  not  coincide,  reduce  the  IF  gain  (by 
adjusting  AGC  bias)  until  a  check  is  obtained.  Restore  AGC.  The  SNR  in 
the  linear  IF  can  be  varied  by  setting  the  output  attenuator  of  the 
signal  generator  (assuming  that  its  calibration  is  maintained). 

4. 2. 1.3. 2. 7  Express  the  performance  of  the  bit  synchronizer  in  terms  of 
the  SNR  in  a  predetection  bandwidth  equal  to  the  bit  rate  (fb).  Let 
the  noise  bandwidth  of  the  IF  be  Bn  (approximately  equal  to  the  3-dB 
bandwidth).  Let  the  SNR  in  Bn  be  (SNR)fjn.  Then, 

(SNR)vfe  (snr)b„ 

or,  in  dB, 

Bn 

(SNR)fb  dB=(SNR)BndB+10  log10 
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4.2.2  Frequency  Modulation  (FM)  Sensitivity  of  the  RF  Signal  Generator 


4. 2. 2.1  Purpose  -  This  test  determines  the  modulation  sensitivity  of 
the  signal  generator,  whether  it  *s  at  RF  or  IF.  The  modulation  sensi¬ 
tivity  is  required  so  that  the  correct  carrier  deviation  is  utilized 
during  the  performance  tests. 

4. 2. 2. 2  Test  Equipment: 

Signal  generator  (RF  or  IF) 

Low  frequency  signal  generator 
True  rms  voltmeter 

Spectrum  analyzer  (or  internal  receiver  spectrum  analyzer) 

4. 2. 2. 3  Test  Method: 

4. 2. 2. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  4.2.2-i 


NOTE 


Refer  to  subparagrahs  4.0.1  and  4.0.2  for  standard 
test  conditions. 


4. 2. 2. 3. 2  Frequency  modulate  the  carrier  with  a  sinusoid  of  frequency 
(fm)  about  half  of  the  desired  peak  deviation. 

4. 2. 2. 3. 3  Increase  amplitude  of  the  sinusoid  until  the  first  carrier 
disappearance  (as  viewed  on  the  receiver  spectrum  display)  occurs. 

4.2.2. 3.4  The  peak  carrier  deviation  is  then  f<j=2.4fm. 

4. 2. 2. 3. 5  Read  the  rms  value  of  the  sinusoid.  Call  this  Vnns* 

4. 2. 2. 3. 6  The  modulation  sensitivity  is: 


Sm= 


2.4f, 


m 


m  2  V 


rms 


Hz/volt 


4.2.2. 3. 7  Example:  If  it  is  desired  to  modulate  the  carrier  0.7fb 
peak-to-peak,  where  fb=bit  rate;  the  peak-to-peak  voltage  (v)  of  the  bit 
stream  is  then: 


0.7fb 

v= — ? —  volts 
3m 
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Figure  4. 2. 2-1  Test  Setup  for  Frequency  Modulation  Sensitivity  Calibration. 


4.2.3  Bit  Synchronizer  Tests 

4. 2. 3.1  Purpose  -  These  tests  determine  the  performance  of  the  bit 
synchronizer  under  test  when  the  input  noise  is  obtained  at  the  output 
of  an  FM  receiver. 


4.2. 3.2  Test  Equipment: 

Test  equipment  required  is  described  in  subparagraph  4. 2. 1.2  plus 
any  additional  equipment  required  by  the  specific  test  being  conducted. 


NOTE 

Refer  to  subparagraphs  4.0.1  and  4.0.2  for  standard 
test  conditions. 


4. 2. 3. 3  Procedure  -  Repeat  the  tests  described  in  Part  I  vs.  prede¬ 
tection  SNR  expressed  in  a  bandwidth  equal  to  the  bit  rate. 

4.2. 3.4  Data  Reduction  -  Record  data  on  Data  Sheet  4. 2. 3.1.  An  example 
of  Data  Sheet  4. 2. 3.1  use  is  shown  in  figure  4.2. 3-1  and  a  corresponding 
sample  data  plot  is  shown  in  figure  4. 2. 3-2. 
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DATA  SHEET  4. 2. 3.1  BIT  SNYCHRONIZER  TESTS 
Test:  4.2.3  Bit  Synchronizer  Tests 

c  O1*  <\0 

Manufacturer -  ' “ 

Tested  by _  6^  n  ^  cg&r. - - 


Bit  Synchronizer  In 


PCM  Signal 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

Code 

Word 

Pattern 

100 

O o 

mi 

PR 

nal  Conditions 


_ FM  Link  Setting s 


Carrier 

Deviation 

Peak-to- 


IF 

Bandwidth  kHz 


Post  Detection 
F i 1  ter 

Bandwidth  kHz 


Bit  Synchronizer  Settings 

Detector 

Type 

Loop  B.W. 

(%  Bit  Rate) 

Tracking  Range 

[%  Bit  Rate) 

FS 

0.  1 

- 

Sig.  Gen.  Mfg.  DCS _ 

Model  GOV  -  4  Serial  No.  ?438fc 

Rcvr.  Mfg.  FMR _ 

Model  4  1 42  Serial  No.  219 
Carrier  Freq.  43  0  .  rl  z. 


Bit  Error  Probability 


(dB) 


0 


+3 


+6 


+9 


+12 


Total 

(1 1 s  +  O' s) 


I.  8  X  10 


(p.b  *  10 


4.3  ^  10 


n  \ /  \  r\  —  7 


Measurement  Interval 
(Period  10°  Bits) 


Figure  4. 2.3-1  Sample  of  Data  Sheet  4. 2. 3.1, 


I 
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DATA  SHEET  4.2.3. 1  BIT  SNYCHRONIZER  TESTS 
Test:  4.2.3  Bit  Synchronizer  Tests 

Manufacturer  _ Model  _ 

Tested  by _ ,  _ 


Serial  No 


Bit  Synchronizer  1 

Input  Signal 

Conditions 

PCM  Signal 

FM  Link  Settings 

Bit  Rate 
kB/s 

Premodulation 

Filter 

Bandwidth  kHz 

i 

Code 

Word 

Pattern 

Carrier 
Deviation 
Peak-to- 
Peak,  kHz 

IF 

Bandwidth  kHz 

Post  Detection 
Filter 

Bandwidth  kHz 

Bit  Synchronizer  Settings 

Sig.  Gen.  Mfg. 

Detector 

Loop  B.W. 

Tracking  Range 

Model  Serial  No. 

Type 

(%  Bit  Rate) 

(%  Bit  Rate) 

Rcvr.  Mfa. 

Model  Serial  No. 

Carrier  Freq. 

(dB) 


0 


+3 


+6 


+9 


+12 


Bit  Error  Probability 


Total 

(1 ’ s  +  0's) 


1 ' s  0's 


Measurement  Interval 
(Period  10n  Bits) 
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Appendix  IV -A 

THE  SPECTRUM  OF  AN  NRZ-PN  SEQUENCE 

NOTE 


Appendix  IV- A  addresses  material  contained 
in  chapter  2  of  this  volume. 


The  spectrum  of  an  NRZ-PN  sequence  consists  of  a  Fourier  scries  of 
sinusoids  with  a  fundamental  frequency  equal  to  the  sequence  repetition 
rate  with  power  values  inscribed  within  the  random  PCM  NRZ  power  spectrum 
depicted  in  figure  IV-A.l.  The  fraction  of  the  total  power  in  each 
component  near  0  frequency  is  approximately  2/m  where  m  is  the  number  of 
bits  in  the  sequence.  Thus,  when  m  is  large,  such  as  2X103,  the  spectrum 
is  nearly  continuous  and  has  the  same  shape  as  random  NRZ.  Similarly, 
for  a  splitphase  PN  sequence,  the  Fourier  component  frequencies  are 
multiples  of  the  sequence  rate  with  power  value  inscribed  within  the 
random  split-phase  spectrum  shown  in  figure  IV-A.l. 
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Appendix  IV-B 

CALCULATION  OF  BIT  ERROR  MEASUREMENT  INTERVALS 


NOTE 

Appendix  IV-B  addresses  material  contained  in 
chapter  4  of  this  volume. 


1 .0  General 

This  appendix  describes  the  selection  of  measurement  intervals  and 
provides  samples  of  experimental  data  and  data  plots.  The  description 
of  interval  selection  is  presented  as  a  theoretical  treatment  of  the 
calculation  of  bit  error  measurement  interval.  The  sample  experimental 
data  and  data  plots  are  presented  for  illustration  purposes  only  and  are 
not  to  be  used  for  equipment  specifications.  Sample  data  and  data  plots 
are  provided  for  each  of  the  tests  indicated  in  the  standard  test  pro¬ 
cedures  in  chapter  4. 

1.1  Measurement  Intervals: 


1.1.1  Select  measurement  Intervals  which  will  provide  statistically 
significant  data  with  measurement  repeatability  equivalent  to  ±0.2-dB 
SNR  variation.  Measurements  over  intervals  longer  than  the  equivalent 

of  107  bit  periods  will  require  appropriate  averaging  of  repeated  measure 
ments  or  the  use  of  an  external  counter  and  timing  arrangement.  Some 
combinations  of  bit  rate  and  SNR  may  require  lengthy  measurement  in¬ 
tervals  to  obtain  statistically  significant  data.  The  usefulness  of 
such  performance  measurements  will  be  dependent  upon  such  things  as  the 
application  in  which  the  bit  synchronizer  is  to  be  used  and  the  purpose 
for  which  the  measurements  are  made. 

1.1.2  The  measurement  interval  required  for  specified  BEP  measurement 
repeatability  is  a  function  of  the  BEP.  However,  the  BEP  can  be  ex¬ 
pressed  as  a  function  of  the  signal  energy  per  bit-to-noise  power 
spectral  density  and  this  relationship  can  be  used  to  derive  a  specified 
probability  of  a  certain  repeatability.  The  expression  for  the  measure¬ 
ment  interval  (in  bit  periods)  required  to  achieve  a  0.95  probability  of 
a  ±0.2-dB  repeatability  is  derived  in  this  appendix.  The  derivation 
also  shows  the  substitution  required  for  other  probabilities. 


1.1.3  The  BEP  for  unfiltered  NRZ-L  with  additive  gaussian  noise  and  an 
optimum  bit  detector  has  been  dervied  by  Lindsey  (see  reference  1)  to 
be: 


BEP=is  erfc 


(Vr)=  Jrf 


e"t2  dt 


Where  R=ratio  of  signal  energy  per  bit  to  single-sided  noise  power 
spectral  density  in  watts/Hz. 

1.1.4  Hoel  (see  reference  2)  states  the  following  corollary:  "The 
proportion  of  success  x/n  will  be  approximately  normally  distributed 
with  mean  P  and  standard  deviation  /Pq/n  if  n  is  sufficiently  large. 
Where  P=BEP,  q=l-P,  x  is  the  number  of  bit  errors  in  the  interval,  and  n 
is  the  number  of  bits  in  the  measurement  interval  for  this  appendix." 
Hoel  also  states  that  it  is  a  good  approximation  when  np>  5. 

1.1.5  A  normally  distributed  variable  has  a  0.95  probability  of  being 
within  1.96  standard  deviations  (0)  of  this  mean.  Therefore,  if  the 
change  in  BEP,  caused  by  a  0.2-dB  change  in  R  is  known  and  this  change 
is  forced  to  be  larger  than  or  equal  to  (1.96a),  the  probability  of 
being  within  0.2  dB  of  the  actual  BEP  will  be  0.95.  Since  the  slope 
/dBEP  e_R\  of  the  BEP  (linear)  vs.  R  (dB)  decreases  for  increasing  R, 
\  dR  =yr) 

it  is  necessary  only  to  consider  the  case  of  R+0.2  dB. 

1.1.6  Therefore,  the  measurement  interval  required  (in  number  of  bit 
periods)  can  be  derived  as  follows: 


1 .96o<(aP)o= 


forP<<1- 


1.96^F  <(aP) 
(AP)>1 .96  Jl 
(AP)2>3.84(£) 


.  3 . 84P 

-Tap)t 
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The  BEPs 

calculated  from  BEP»%  erfc  (/R) 

are: 

erfc  (/R)  determined  from 

NBS  table  (see  reference  3). 

R 

BEP 

n  Min 

Expected  Number  of 
Bit  Errors  in  n 

3.0 

2.29  x  10-2 

1.5  x  104 

350 

3.2 

2.05  x  10-2 

6.0 

2.39  x  10-3 

4.6  x  104 

no 

6.2 

1.94  x  10-3 

9.0 

3.37  x  10-5 

1.1  x  106 

38 

9.2 

2.27  x  10-5 

12.0 

9.0  x  10-9 

1.5  x  109 

13.5 

12.2 

4.17  x  10-9 

15.0 

9.1  x  1016 

15.2 

2.02  x  10-16 

1.1.8  The  measurement  interval  required  for  other  probabilities  within 
0.2  dB  can  be  calculated  by  replacing  1.96  by  the  K  listed  in  the 


following  chart. 

Probability  K 

0.90  1.64 

0.95  1.96 

0.99  2.58 

0.999  3.30 
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1.1.9  The  measurement  intervals  calculated  for  the  theoretically 
optimum  case  will  be  longer  than  those  required  for  the  practical  case 
with  a  physically  realizable  bit  synchronizer.  A  longer  measurement 
interval  results  in  increased  statistical  accuracy. 
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Appendix  IV-C 

DEFINITIONS  AND  SUGGESTED  CIRCUITS  FOR  BIT  SYNCHRONIZER  TESTING 

NOTE 


Appendix  IV-C  addresses  material  contained  in 
chapter  4  of  this  volume . 


1 .0  General 

This  appendix  provides  the  definitions  used  for  bit  slippage  probability 
(BSP)  and  acquisition  testing  and  contains  the  suggested  schematics  for 
external  delay  and  gate  for  procedure  2  (subparagraph  4. 1.4. 3. 2)  of  the 
acquisition  test. 

1.1  Definitions 


1.1.1  Reference  Clock  -  The  reference  clock  is  the  clock  of  the  test 
set  PCM  generator  suitably  delayed  for  phase  coincidence  with  the  bit 
synchronizer  output  clock  when  in  stable  locked  condition. 

1.1.2  Bit  Slippage  -  Bit  slippage  is  the  gain  or  loss  of  one  or  more 
bits  by  the  bit  synchronizer. 

1.1.3  Bit  Acquisition  -  Bit  acquisition  has  occurred  when  the  BEP  drops 
from  approximately  0.5  to  the  BEP  characteristic  of  the  input  SNR.  In 
practice,  there  may  be  base-line  offset  due  to  logic,  FM  receiver  mis- 
tuning,  etc.,  which  requires  time  to  be  balanced  out  by  the  bit  synchro¬ 
nizer  and  detector.  Thus,  it  is  necessary  to  specify  offset  conditions 
in  connection  with  this  test. 

1 .2  Auxiliary  Circuits  for  Acquisition  Test 

1.2.1  Figure  IV-C.l  gives  circuits  for  the  PCM  delay  and  PCM  gate 
included  in  figure  4. 1.4-2. 

1.2.2  Figure  IV-C. 2  illustrates  the  use  of  procedure  2  for  acquisition 
time  and  consists  of  two  photographs  showing  oscilloscope  traces  of 
eight  acquisition  tries  for  two  different  BEPs.  Time  to  acquire  can  be 
easily  determined  by  the  photographic  method  with  BEP  as  large  as  0.4, 
as  illustrated.  Use  of  a  storage  scope  would  be  faster  because  the 
times  could  be  read  directly  and  logged  for  each  try. 
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Figure  IV-C-1  PCM  Data  Delay  and  PCM  Gate 
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1.3.1  Amplitude  Modulator 


Figure  IV-C.3  is  a  suggested  schematic  for  the  amplitude  modulator. 

This  circuit,  with  some  minor  changes,  was  taken  from  the  Motorola 
application  sheets.  Approximate  voltage  ranges  for  the  two  inputs  are 
given.  This  circuit  will  work  satisfactorily  to  at  least  106  bits/sec. 


1.3.2  Noise  Shaper 


Figure  IV-C.4  is  a  suggested  schematic  for  shaping  the  noise  for  the 
jitter  test,  subparagraph  4.1.5.3.11. 


1.3.3  IF  Bandwidth  and  Carrier  Modulation  for  Base-Line  Wander  Plus 
Jitter  Test 


When  base-line  wander  and  AM  are  applied  simultaneously  to  the  bit 
stream,  an  IF  bandwidth  wider  than  the  optimum  for  unperturbed  bit 
streams  is  required.  As  an  example,  for  50-percent  AM  and  50-percent 
base-line  wander,  the  IF  bandwidth  should  be  about  4f ^  and  the  carrier 
modulation  should  be  about  0.5fb  at  the  lowest  point  of  the  AM,  i.e., 
with  no  AM  it  should  be  fb  (where  fb  is  the  bit  rate).  For  more  de¬ 
tails,  see  reference  below. 
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Chapter  5 
FM  DISCRIMINATORS 

5 . 0  General 

5.0.1  The  FM  discriminator  evaluation  is  the  acquisition  and 
distribution  of  performance  information  that  will  be  useful  to 
groups  engaged  in  telemetry  activities.  To  this  end,  uniformity 
of  test  procedures  used  is  important  for  obtaining  valid 
comparisons  of  performance  and  periodic  checks  on  installed 
equipment  or  testing  of  new  equipment. 

5.0.2  Performance  tests  are  recommended  for  all  IRIG  subcarrier 
channels  intended  for  use  with  the  discriminators.  Care  should 
be  taken  to  establish  known  environmental  conditions  such  as 
temperature  and  humidity  to  minimize  the  uncertainty  in 
performance.  In  addition,  the  equipment  should  be  energized  from 
a  regulated  line.  Particular  care  should  be  taken  in  the  test 
setup  design  to  avoid  the  error-producing  effects  of  ground-loop 
currents . 

5.0.3  Definition  of  Terms 

5. 0.3.1  Band  Pass  Input  Filter  (BPIF)  -  The  channel  selection 
filter  centered  at  the  channel  center  frequency  and  with  a  3-dB 
bandwidth  corresponding  to  the  channel  bandwidth. 

5. 0.3. 2  Center  Frequency  (f^  -  The  center  frequency  for  a  given 
channel  as  defined  in  IRIG  Standard  106-XX,  Telemetry  Standards. 
Appendix  A,  paragraph  5.4. 

5. 0.3. 3  Deviation  Ratio  -  The  deviation  ratio  of  a  channel  is 
defined  as  the  ratio  of  one  half  the  defined  deviation  bandwidth 
to  the  cutoff  frequency  of  the  discriminator  low  pass  output 
filter. 

5. 0.3. 4  Lower  Band  Edge  ( LBE1  Frequency  -  The  frequency  which 
corresponds  to  the  lower  deviation  limit  defined  in  table  3-1, 
IRIG-106-XX,  for  a  given  channel. 

5. 0.3. 5  Low  Pass  Output  Filter  ( LPOF^  -  The  output  filter 
contained  in  or  plugged  into  the  discriminator  with  its  cutoff 
frequency  (3-dB  point)  defined  as  the  maximum  data  frequency. 

5. 0.3. 6  Modulation  Index  -  In  angle  modulation  with  a  sinusoidal 
modulating  wave,  the  ratio  of  the  peak  frequency  deviation  to  the 
frequency  of  the  modulating  wave: 

m  =  Af/fmax> 

where  Af  =  the  maximum  frequency  difference  between  the 

modulated  carrier  and  the  unmodulated  carrier. 

fmax  =  maximum  modulating  frequency. 


5-1 


5. 0.3. 7  Upper  Band  Edge  Frequency  (UBE)  -  The  frequency  which 
corresponds  to  the  upper  deviation  limit  defined  in  IRIG-106-XX, 
subparagraph  7.2.25. 

5.0.4  Standard  Test  Conditions  -  To  ensure  uniformity  of 
testing,  the  following  standard  test  conditions  and  preliminary 
adjustments  should  be  completed  before  individual  tests  are 
conducted . 

5. 0.4.1  Input  Signal  Level  -  The  standard  input  signal  level  for 
the  specified  procedures  is  0.3  Vrms,  except  as  modified  in  a 
specific  procedure. 

5. 0.4. 2  Output  Load  -  The  load  placed  on  the  discriminator  shall 
be  the  maximum  load  specified. 

5. 0.4. 3  Warm-up 

5. 0.4. 3.1  The  discriminator  under  test  shall  be  allowed  to  warm 
up  prior  to  the  start  of  a  test  according  to  the  performance 
specification. 

5. 0.4. 3. 2  Test  equipment  used  in  test  procedures  shall  be 
allowed  to  warm  up  so  that  drifts  and  other  variations  caused  by 
the  test  equipment  shall  be  minimized.  Generally,  a  30  minute 
warm-up  period  is  recommended. 

5. 0.4. 4  Output  Voltage  -  The  output  voltage  shall  be  adjusted 
prior  to  the  start  of  a  test  to  conform  to  the  following 
requirements: 

* 

5. 0.4. 4.1  With  the  input  signal  set  to  the  center  frequency  of 
the  -desired  channel  and  unmodulated,  the  output  voltage  shall  be 
0+10'  mVdc. 

5. 0.4. 4. 2  With  the  upper  (lower)  band  edge  frequency  applied  to 
the  discriminator  input,  the  output  voltage  shall  be  +10 (-10)  Vdc 
or  the  maximum  specified  for  operation  within  +10  mV  dc. 

5. 0.4. 5  Tolerances  -  The  measurements  which  are  identified  in 
the  following  test  methods  should  be  made  with  sufficient  preci¬ 
sion  to  satisfy  the  intended  purpose.  It  is  recommended  that  the 
maximum  tolerance  used  conform  to  the  following: 

Frequency  +0.1%  or  1  Hz  whichever  is  smaller 
Voltage  +1.0  mV 
dB  +0.1  dB. 

5. 0.4. 6  An  oscilloscope  is  connected  to  the  discriminator  output 
in  most  tests.  It  is  used  to  observe  glitches  and  to  identify 
anomalous  behavior  which  may  not  be  detected  by  other 
instrumentation. 


5-2 


I 

5.1  Deviation  Sensitivity  and  Static  Linearity 

5.1.1  Purpose  -  This  test  determines  the  deviation  sensitivity 
and  static  linearity  of  an  FM  discriminator. 

5.1.2  Test  Equipment 
Signal  generator 
Frequency  counter 
Digital  voltmeter  (dc) 

f  • 

5.1.3  Test  Method 

5. 1.3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.1.1. 

5. 1.3. 2  Conditions 

5. 1.3. 2.1  Set  the  discriminator  low  pass  output  filter  to  cut 
off  frequency  of  interest. 

5. 1.3. 2. 2  Maximize  output  load  according  to  specification. 

5. 1.3. 3  Procedure 


5. 1.3. 3.1  Set  the  signal  generator  frequency  to  center  frequen¬ 
cy  and  adjust  output  voltage  to  zero. 

5. 1.3. 3. 2  Set  the  input  frequency  to  LBU  and  adjust  output 
voltage  to  specified  maximum  output  level. 

5. 1.3. 3. 3  Repeat  steps  5. 1.3. 3.1  and  5. 1.3. 3. 2  as  necessary  to 
achieve  desired  accuracy. 

5. 1.3. 3. 4  The  test  may  be  performed  with  either  5  or  11  data 
points.  Generally  the  11-step  data  collection  is  used  for 
acceptance  testing,  and  the  5-step  data  collection  is  used  for 
rapid  revalidation  of  discriminator  performance. 

5. 1.3. 3. 5  Eleven  Point  Test  -  Record  the  input  frequency  and 
output  voltage  for  frequencies  equivalent  to  the  LBE  deviation 
limit  frequency  fc  -  0.8  (  Af)  ,  fc  -  0.6(  Af)  ,  fc  -  0.4(  A  f)  , 

fc  -  0 . 2  (  Af  ),  fc,  fc+  0 . 2  (  Af),  fc+  0 . 4  (  Af),  fc  +  0.6(  Af )  , 
fc  +  0 . 8 (  Af)  and  UBE  deviation  limit  frequency  on  data  sheet 
5.1.1,  where  Af  =  f c  -  LBE  =  UBE  -  f c . 

5. 1.3. 3. 6  Five  Point  Test  -  Record  the  input  frequency  and 
output  voltage  for  frequencies  equivalent  to  the  LBE  deviation 
limit,  fc  -  0 . 5  (  Af),  fc,  fc  +  0 . 5  (  A  f )  ,  UBE  deviation  limit  on 
data  sheet  5.1.2. 
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FM  DISCRIMINATORS 


DATA  SHEET  5.1.1 


MANUFACTURER 

MODEL 

SERIAL  NO. 

IRIG  CHANNEL 

CHANNEL  SELECTOR  SERIAL  NO. 

LOW  PASS  OUTPUT 

FILTER  S/N 

CENTER  FREQUENCY 

kHz  UPPER  BAND  EDGE 

kHz 

LOWER  BAND  EDGE 

kHz  LOW  PASS  FILTER 

CUTOFF 

_ ktjz_ 

LOW  PASS  FILTER  TYPE:  j _ | CA  j_jCD  j_| Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


Calculate:  Af  =  Center  Freq  -  Lower  Band  Edge  Freq  =  _ kHz 

=  Upper  Band  Edge  Freq  -  Center  Freq  -  _ kHz 

Frequency 

i  Equation  Calculated (kHz) 

1  fc~  Af  _ 

2  fc-0.8  Af  _ 

3  fc-0.6  Af  _ 

4  fc-0.4  Af  _ 

5  fc~0.2  Af  _ 

6  fc  - 

7  fc+0.2  Af  _ 

8  fc+0.4  Af _ 

9  fc+0.6  Af  _ 

10  fc+0.8  Af _ 

11  fc+  Af  _ 

Record  the  actual  input  frequency  and  output  voltage  in  the  table 
below  and  calculate  the  remaining  information: 

Input  Output 

1  Frequency  Voltage  Af.  =  f(  -  f  (Afj)2  A  f  t  x  V, 

(kHz)  (Vdc) 

1  _  _  _  _  _ 

2  _  _  _  _  _ 

3  _  _  _  _  _ 

4  _  _ _  _  _  _ 

5  _  _  _ 


8  _  _  _  _  _ 

9  _  _  _  _  _ 

10  _  _  _  _  _ 

11  _  _  _  _ ^ _ .  _ 

Add  columns ^Vj  =  ZAf,  = _  E(  Af,) i  =»  SAf,  x  V,  » 

nAt.y  I 


J 

1 


1 

i 


( 

* 


I 


i 


i 


5-5 


h  m  n  ^  in 


FM  DISCRIMINATORS 


DATA  SHEET  5.1.2 

TEST  Bgviatipn-SensitivltvLanci  Static  Linearity  (5  Point) 

MANUFACTURER _ MODEL _ _ 

SERIAL  NO._ _ IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _ LOW  PASS  OUTPUT  FILTER  S/N 

CENTER  FREQUENCY _ UPPER  BAND  EDGE _ kHz 

LOWER  BAND  EDGE _ kHz  LOW  PASS  FILTER  CUTOFF _ kHz 

LOW  PASS  FILTER  TYPE:  J~{ CA  J ~ { CD  }~| Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


Calculate:  Af  =  Center  Freq  -  Lower  Band  Edge  Freq  =  .  kHz 

=  Upper  Band  Edge  Freq-  center  Freq  -  _ kHz 


Frequency 

i  Equation  Calculated (kHz) 

1  fc-  Af  _ 

2  f-0.5  Af  _ 

3  fc  _ 

4  fc+0.5  Af  _ 

5  fc+  Af  _ 

Record  the  actual  input  frequency  and  output  voltage  in  the  table 
below  and  calculate  the  remaining  information: 


Input 

i  Frequency 
(kHz) 


Output 

Voltage  A  f ,=  f,  -  fc  (  Af,)2 

(Vdc) 


£c- 


Add  columns:  I  V,= _  ZAf  .= _  E  (A  f , ) 


Af,  x  V, 


£Af X  V,- _ 
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DATA  SHEET  5.1.2  (Continued) 


DEVIATION  SENSlTlVITY= 


5 

5  (  Uf,  X  V,  )  - 

b  =  i=l 

5  5 

(  I  V,  )(  E  Af, 
i=I  i=l 

) 

=  volts/kHz 

5  2 

5(  Z  (  Af,  )2) 
i=l 

5 

-  (  ZAf,  )2 
i=l 

and 

5 

ZERO  OFFSET=  a  =  (  I  V, 

i=l 

5 

-  b  X  L  Af,  )/5  = 
i=l 

1  volts. 

f  % 

Calculate  the  following: 

i  A  f ,  a  +b  Af , 

l 

v« 

DEVIATION  FROM 
LINEAR  FIT 
(a  +  b  Af,)  -  V, 

f 


5.1.4  Data  Reduction 


5. 1.4.1  Eleven  Point  Test.  The  best  fit  straight  line  is  of 

the  form 

a  +  b  (f  -  fc)  =  V 

where  a  is  the  center  frequency  output  voltage  offset  in  volts, 
and  b  is  the  deviation  sensitivity  in  volts  per  kilohertz. 

The  coefficients  a  and  b  are  obtained  from  the  equations 


11  11  11 
11(  I  Af,  x  V*)  -(  E  V,  )  (  EAf,  ) 

b  =  _ i=l _ i=l _ _ 

11  11 
IK  E  (  Af,)2)  -  (  EAf,)2 
i=l  i=l 

and 

11  11 

a  =  (  E  V,  -  b  x  e  Af j  )/ll, 

i=l  i=l 

where  Af,  is  the  ith  frequency  difference  ( f 4  — f c) 

V,  is  the  ith  output  voltage. 

The  deviation  sensitivity  (b)  and  offset  (a)  should  be  compared 
to  the  specified  value.  The  difference  between  the  actual  output 
voltage,  V,,  and  that  calculated  from  the  best  fit  curve  defined 
by  the  coefficients  a  and  b  should  be  compared  to  the  static 
linearity  specification  (see  data  sheet  5.1.1  sample). 

5. 1.4. 2  Five  Point  Test  -  The  equations  for  determining  a  and  b 
are 


b 


5 

5(  E  Af,  x  V,  )  -  ( 

i=l _ 

5 

5(  E  (  Af,  )Z) 
i=l 


5  5 

I  V,  )(  E  Af,  ) 
i=l  i=l _ 

5 

-  (  E  Af,  ) 2 


and 


a 


5  5 

E  V,  -  b  x  E  Af,  )/5, 
i=l  i=l 


where  a,  b,A  f.  and  V,  are  defined  in  subparagraph  5. 1.4.1.  The 
deviation  sensitivity  (b) ,  offset  (a)  and  the  deviation  from  best 
fit  straight  line  should  be  compared  to  the  specification  as  in 
subparagraph  5. 1.4.1  (see  data  sheet  sample  5.1.2). 
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i  Equation 

1  fc-  Af 

2  fc-0.8  Af 

3  fc-0.6  Af 

4  fc~0.4  Af 

5  fc-0.2  Af 

6  fe 

7  fc+0.2  Af 

8  fc+0 . 4  Af 

9  fc+0 . 6  Af 

10  fc+0.8  Af 

11  fe+  Af 


Frequency 
Calculated (kHz) 

59.5 _ 

61.1 _ 

63.7  _ 

65.8  _ 

67.9  _ 

70.0 _ 

72.1  _ 

74.2  _ 

76.3  _ 

78.4  _ 

80.5  _ 


Record  the  actual  input  frequency  and  output  voltage  in  the  table 
below  and  calculate  the  remaining  information: 


1 

1 

2 

Input 

Frequency 

(kHz) 

59.500 

61.600 

Output 

Voltage 

(Vdc) 

-10.012 

-8.010 

3 

63.700 

-6.009 

4 

65.800 

-4.007 

5 

67.900 

-2.006 

6 

f  c7  0 . 000 

-0.006 

7 

72.100 

+1.995 

8 

74.200 

+3.996 

9 

76.300 

+5.997 

10 

78.400 

+7.998 

11 

80.500 

+9.997 

Add  columns: 

EV,.=-0. 063 

Af)"  f|  -  fe  <  Afi>2 


A  f .  x  V, 


DEVIATION  SENSITIVITY* 

11  11  11 
11  (  I  Af,  X  V,)  -(  E  V,  )  (  E  Af,  ) 
b  =  i=l _ i=l  i=l  -  .volts/kHz, 

11  z  11  2 

11(  E  (  Af,)2)  -  (  Z  Af j ) 2 

i=l  i=l 

and 

ZERO  OFFSET* 

11  11 

a  =  (  E  V,  -  b  x  E  Af,  )/ll  *  -0.00573  volts. 
i=l  i=l 

Calculate  the  following: 


Af,  a  +b  Af,  V, 


i 


DEVIATION  FROM 
LINEAR  FIT 
(a  +  b  Af,)  -  V, 


r>  m 
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DATA  SHEET  5.1.2  (Sample) 

TEST  Deviation  Sensitivity  and  Static  Linearity  (5  Point! 

MANUFACTURER  XYZ _ MODEL  DEF _ 

SERIAL  NO. _ ABC _ IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _ LOW  PASS  OUTPUT  FILTER  S/N 

CENTER  FREQUENCY  80 _ kHz  UPPER  BAND  EDGE _ 84 

LOWER  BAND  EDGE _ 76 _ kHz  LOW  PASS  FILTER  CUTOFF _ 1 


LOW  PASS  FILTER  TYPE:  |_|CA  |X,'CD  J_j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


kHz 

kHz 


Calculate:  Af  =  Center  Freq  -  Lower  Band  Edge  Freq  = 

=  Upper  Band  Edge  Freq-  Center  Freq  = 


i  Equation 

1  fc-  Af 

2  fc-0.5  Af 

3  fe 

4  fc+0.5  Af 

5  f  +  Af 


Frequency 
Calculated (kHz) 

76 _ 

78 _ 

80 _ 

82 _ 

84 _ 


4 _ kHz 

4 _ kHz 


Record  the  actual  input  frequency  and  output  voltage  in  the  table 
below  and  calculate  the  remaining  information: 


Input 

Frequency 

(kHz) 

76 

Output 

Voltage 

(Vdc) 

8.953 

A  f f=  f,  -  fc 

-4 

78 

4.476 

-2 

f  80 

0.001 

0 

82 

-4.475 

2 

84 

-8.951 

4 

Add  columns: 

E  Vj= 

EAf  •= 

0.004 

0 

(  A  fj)2 
16. 

_ 4, _ 

0.0 

4.0 

16.0 

E(  A  f  ,1^ 

40 


A  f .  x  V, 

-35.812 

-8.952 

0.000 

_ -8.950 

-35.804 
E  Af,  X  Vj= 
-89.518 


5 . 2  Zero  and  Band  Edge  Stability  Test 

5.2.1  Purpose  -  This  test  determines  the  zero  and  band  edge 
stability  of  an  FM  discriminator  over  a  one-hour  period. 

5.2.2  Test  Equipment 

Signal  generator  with  frequency  stability  of  +  10'6/day 
Frequency  counter 
Digital  voltmeter  (dc) 

Oscilloscope 

5.2.3  Test  Method 


5. 2. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.2.1. 

i  » 

5. 2. 3. 2  Conditions 


5. 2. 3. 2.1  Warm  up  all  equipment  according  to  specifications. 

5. 2. 3. 2. 2  Set  discriminator  low  pass  output  filter  to  cutoff 
frequency  of  interest. 

5. 2. 3. 2. 3  Maximize  output  load  according  to  specification. 

5. 2. 3. 3  Procedures 

5. 2. 3. 3.1  Adjust  signal  generator  output  level  and  discriminator 
balance  and  output  levels  in  accordance  with  paragraph  5.0  of 
General  Procedures. 

5. 2. 3. 3. 2  Apply  LBE  frequency  to  discriminator  and  record 
time,  input  frequency,  and  output  voltage  on  data  sheet 
5.2.1.  Repeat  procedure  for  center  and  UBE  frequencies. 

5. 2. 3. 3. 3  Repeat  step  5. 2. 3. 3. 2  approximately  one  hour 
later,  using  the  same  frequencies  recorded  earlier  without 
adjusting  discriminator  balance  and  output  voltage  levels. 

5.2.4  Data  Reduction  -  Compare  change  in  discriminator 
output  voltages  obtained  at  center  and  band  edge  frequencies 
with  specifications.  Subtract  voltage  readings  of  second 
test  from  first  test  and  record  in  AV  column  on  data  sheet. 
Calculate  percentage  change  and  record  in  percentage  change 
column  (see  data  sheet  5.2.1  sample). 

NOTE 


If  uniform  change  in  discriminator  output  voltage  is 
noted  between  groups  of  data  and  this  change  can  be 
corrected  by  resetting  zero  output  at  center  frequency 
within  drift  specification,  then  discriminator  is 
operating  normally. 
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DATA  SHEET  5.2.1 

TEST  Zero  and  Band  Edge  Stability 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ 

LOWER  BAND  EDGE _ 

LOW  PASS  FILTER  TYPE:  |~jCA 

TEST  PERSONNEL _ 


DATE 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N 

UPPER  BAND  EDGE _ 

LOW  PASS  FILTER  CUTOFF _ 

_  j  CD  J_j Other _ 

_  LOCATION _ 


Time: 


Input 
Frequency 
Lower  Band  Edge 
Center  Freq. 
Upper  Band  Edge 


Frequency 

(kHz) 


Output 
Voltage (Vdc) 


Time: 


Input 
Frequency 
Lower  Band  Edge 
Center  Freq. 
Upper  Band  Edge 


Frequency 

(kHz) 


Output 
Voltage (Vdc) 


Percent  Change 
Lower  Band  Edge 
Center  Freq. 
Upper  Band  Edge 


(  A  V  x  100/ (U-L) ) 
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FM  DISCRIMINATORS 


DATA  SHEET  5.2.1  (Sample! 


TEST  Zero  and  Band  Edge  Stability  Test 
MANUFACTURER _ XXZ _  MODEL  DBF 


SERIAL  NO. 

70 

IRIG  CHANNEL 

CHANNEL  SELECTOR 

CENTER  FREQUENCY 

SERIAL  NO. 

70.0 

kHz 

LOW  PASS  OUTPUT 

UPPER  BAND  EDGE 

FILTER  S/N 

80,5  kHz 

LOWER  BAND  EDGE 

59.5 _ 

kHz 

LOW  PASS  FILTER 

CUTOFF  2.1  kHz 

LOW  PASS  FILTER  TYPE:  i_|CA 

TEST  PERSONNEL 

i 

i 

DATE. 

|  X | CD  |  J  Other 

LOCATION 

Time:  1300 

Input 

Frequency 

Output 

Frequency 

(kHz) 

Voltage (Vdc) 

Lower  Band  Edge 

59.500 

■--10.QQ9 _ LLi 

Center  Freq. 

70.000 

.^•-0,008 _ 

Upper  Band  Edge 

80.500 

- 

-9,99Q  (Hi 

Time:  1400 

Input 

Frequency 

Output 

Frequency 

(kHz) 

Voltage (Vdc) 

A  V 

Lower  Band  Edge 

59.500 

-10.010 

0.001 

Center  Freq. 

70.000 

-0.008 

0 

Upper  Band  Edge 

80.500 _ 

_ +.9 , 999  _ _ 

0.001 

Percent  Change 
Lower  Band  Edge 
Center  Freq. 
Upper  Band  Edge 


(  A  V  x  100/ (U  -L) ) 

_ 0.005% _ 

0 _ 

0.005% _ 
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5 . 3  Static  Noise 


* 


5.3.1  Purpose  -  This  test  measures  the  amount  of  static  noise  at 
the  FM  discriminator  output. 

5.3.2  Test  Equipment 

Frequency  counter 
Signal  generator 
Oscilloscope 
True  rms  voltmeter 
Digital  voltmeter  (dc) 

5.3.3  Test  Method 

5. 3. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.3.1. 

5. 3. 3. 2  Conditions 

5. 3. 3. 2.1  Warm  up  all  equipment  according  to  specifications. 

5. 3. 3. 2. 2  Maximize  output  load  according  to  specification. 

5. 3. 3. 3  Procedure 

NOTE 

Incidental  phase  or  frequency  modulation  in  signal 
generator  will  affect  test  results.  Generator  used 
should  contribute  less  than  10  percent  to  parameter 
being  measured. 


5. 3. 3. 3.1  Place  a  low  pass  output  filter  in  test  discriminator 
to  reflect  the  deviation  ratio  at  which  the  discriminator  will 
typically  be  used. 

5. 3. 3. 3. 2  Adjust  signal  generator  output  level  and  discriminator 
balance  and  output  levels  in  accordance  with  paragraph  5.0  of 
General  Procedures. 

5. 3. 3. 3. 3  Adjust  signal  generator  to  LBE  frequency,  measure 
discriminator  dc  and  rms  output  voltages  and  record  on  data  sheet 
5.3.1. 


5. 3. 3. 3. 4  Repeat  step  5. 3. 3. 3. 3  for  center  frequency  and  UBE 
frequency. 

5. 3. 3. 3. 5  Repeat  steps  5. 3. 3. 3. 3  and  5. 3. 3. 3-.  4  for  other 
deviation  ratios  as  needed. 

5.3.4  Data  Reduction  -  Compare  data  obtained  with  specifications. 
Calculate  percent  noise  by  dividing  rms  voltages  by  peak-to-peak 
dc  voltage  and  multiply  by  100  (see  data  sheet  5.3.1  sample). 


A 


V 


J 
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DATA  SHEET  5.3.1 
TEST  Static  Noise  Test 

MANUFACTURER _  MODEL 


kHz 

kHz 


Specifications: 

Dev.  Ratio  LPOF  Freq.  Noise  Vms  Band  Edge  Vdc  Filter  S/N 


SERIAL  NO. 


IRIG  CHANNEL 


CHANNEL  SELECTOR  SERIAL  NO.. 

CENTER  FREQUENCY _ 

LOWER  BAND  EDGE _ 


kHz 


LOW  PASS  OUTPUT  FILTER  S/N 
UPPER  BAND  EDGE _ 


kHz  LOW  PASS  FILTER  CUTOFF, 


LOW  PASS  FILTER  TYPE: 
TEST  PERSONNEL _ 


!_!  ca 


!_!  cd 


j  _  |  Other, 


DATE 


LOCATION 


Performance  data: 

Center  Frequency= _ kHz 

Dev.  Ratio  BPIF  BW  LPOF _  dc  Volts _  Noise  Vrms  %  Noise 


Lower  Band  Edge  Frequency  (LBE)  = _ kHz 

Dev.  Ratio  BPIF  BW  LPOF _  _ VLDC  Vdc _  Noise  Vrms  %  Noise 


Upper  Band  Edge  Frequency  (UBE)  = _ kHz 

Dev.  Ratio  BPIF  BW  LPOF _  _VnBE_Vdc _  Noise  Vrms  %  Noise 
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\ 

i 


DATA  SHEET  5.3.1  (Samplel 
TEST  Static  Nojse  Test 


MANUFACTURER 

XYZ _ 

MODEL  DEF 

SERIAL  NO.  ABC 

IRIG  CHANNEL 

CHANNEL  SELECTOR 

SERIAL  NO. 

LOW  PASS  OUTPUT 

FILTER  S/N 

80.5 

CENTER  FREQUENCY 

70.0 

kHz 

UPPER  BAND  EDGE 

LOWER  BAND  EDGE _ 

59.5 

_ KHz 

LOW  PASS  FILTER 

CUTOFF 

LOW  PASS  FILTER  TYPE:  |_|CA  jXjCD  J_J Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 

Specifications: 

Dev.— Ratio  LPOF  Freq.  Noise  rms  Band  Edge  Vdc  Filter  S/N 

1  10.5  kHz _ 

2  5.25  kHz  _ 

5  2.1  kHz _ 


Performance  data: 

Center  Frequency^  70.0 _ kHz 

Dev.  Ratio  BPTF  RW  I.PQF  do  Volts  Nr»i  Vrms  4 


DATA  SHEET 


To  calculate  %  Noise  use  the  following: 


%  Noise  - 


x  100. 
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5.4  Harmonic  Distortion 


5.4.1  purpose  -  This  test  measures  the  amount  of  harmonic 
distortion  present  at  the  discriminator  output. 

EQTE 

This  test  does  not  discriminate  between  distortion 
introduced  in  the  signal  source  and  distortion 
introduced  in  the  discriminator  under  test.  One  method 
of  verifying  that  the  signal  source  is  not  introducing 
appreciable  distortion  is  to  perform  this  test  using 
the  same  signal  source  settings  and  modulating  signal 
but  using  a  wideband  discriminator  with  excellent 
linearity.  If  the  distortion  values  from  this  test  are 
significantly  lower  than  with  the  discriminator  under 
test,  the  signal  source  can  be  eliminated  as  a  source 
of  distortion.  If,  however,  the  distortion  is 
sufficiently  low  with  the  discriminator  under  test, 
there  is  no  need  to  be  concerned  about  the  cause  of  the 
distortion. 


5.4.2  Test  Equipment 

Audio  oscillator  with  all  harmonics  at  least  60  dB 
below  amplitude  of  fundamental  output  frequency 
Signal  generator  or  voltage  controlled  oscillator  which 
can  be  frequency  modulated 
Frequency  counter 
Distortion  analyzer 
Spectrum  analyzer  or  wave  analyzer 
Digital  voltmeter 

5.4.3  Test  Method 

5. 4. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.4.1. 

5- 4. 3. 2  Conditions  -  Set  the  signal  generator  to  the  following  (see 
paragraph  5.0  for  general  test  conditions): 

Output  frequency  -  discriminator  center  frequency 

Output  amplitude  -  0.3  Vrms 

Peak  deviation  -  discriminator  band  edge 

The  discriminator  LPOF  should  be  chosen  to  reflect  a  deviation  ratio 
of  one,  that  is,  equal  to  peak  deviation  of  discriminator.  The  audio 
oscillator  output  should  be  a  sine  wave  at  a  frequency  of  0.1  times 
the  discriminator  LPOF  cutoff  frequency. 
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5. 4. 3. 3 


5. 4. 3. 3.1  Set  the  unmodulated  input  signal  to  the  input  center 
frequency  and  adjust  discriminator  output  voltage  to  0  V.  Apply 
modulation  to  signal  generator  to  produce  band  edge  peak  deviation. 
Adjust  output  gain  to  give  maximum  specified  output  voltage  swing. 

5. 4. 3. 3. 2  Measure  total  distortion  using  distortion  analyzer  and 
record  on  data  sheet  5.4.1.  Measure  output  signal  amplitude  at 
fundamental  and  second,  third,  fourth,  and  fifth  harmonics  using 
spectrum  analyzer  or  wave  analyzer  and  record  on  data  sheet  5.4.1. 

5.4.4  Data  Reduction  -  Calculate  distortion  at  second,  third,  fourth, 
and  fifth  harmonics  by  subtracting  amplitude  (in  dBm)  at  fundamental 
from  amplitude  (in  dBm)  at  each  harmonic.  Record  these  values  on  data 
sheet  5.4.1.  Calculate  percent  harmonic  distortion  from 


%  harmonic  distortion  =  (10d/ZO)  x  (100), 


Where  d  =  harmonic  distortion  in  dB. 


(See  data  sheet  5.4.1  sample.) 
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DATA  SHEET  5.4.1 

TEST  Harmonic  Distortion 

MANUFACTURER _ 

SERIAL  NO. _ 


CHANNEL  SELECTOR  SERIAL  NO.. 

CENTER  FREQUENCY _ 

LOWER  BAND  EDGE _ 


LOW  PASS  FILTER  TYPE: 
TEST  PERSONNEL _ 


MODEL 


IRIG  CHANNEL 


KHz 


LOW  PASS  OUTPUT  FILTER  S/N 
UPPER  BAND  EDGE _ 


-KHz 


KHz  LOW  PASS  FILTER  CUTOFF. 


-Kjjz_ 


IJCA 


i  —  i 


CD 


j_| Other. 


DATE 


LOCATION 


Modulating  Frequency 
Total  Harmonic  Distortion 


dB 


Hz 

% 


Freauencv 

Output  Amplitude 

Distortion 

Fundamental 

Second  Harmonic 

dBm 

dBm 

dB 

% 

Third  Harmonic 

dBm 

dB 

% 

Fourth  Harmonic 

dBm 

dB 

% 

Fifth  Harmonic 

dBm 

dB 

% 
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LOW  PASS  FILTER  TYPE:  J _ j  CA  jXjCD  }_| Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


Modulating  Frequency 

Total  Harmonic  Distortion  _ -44 . 4 _  dB 


Fundamental 
Second  Harmonic 
Third  Harmonic 
Fourth  Harmonic 
Fifth  Harmonic 


dBm 

dBm 

ziM  dB 

0,38 

% 

dBm 

-47.8  dB 

0.41 

% 

dBm 

dB 

0 

% 

dBm 

z$2jJ  dB 

Q.JL2 

% 

5.5  Line  Voltage  Sensitivity 


5.5.1  Purpose  -  This  test  determines  the  effect  of  variations  in 
ac  line  voltage  on  FM  discriminator  signal  output. 

5.5.2  Test  Equipment 

Frequency  counter 
Voltmeter  (ac) 

Variable  autotransformer 

Oscilloscope 

Voltmeter  (dc) 

Signal  generator 

5.5.3  Test  Method 

5.5. 3.1  Setup  -  Connect  test  equipment  as  shown  in  figure  5.5.1. 

5. 5. 3. 2  Conditions 

5. 5. 3. 2.1  Warm  up  all  equipment  according  to  specifications. 

5. 5. 3. 2. 2  Maximize  output  load  according  to  specification. 

5. 5. 3. 3  Procedure 


5. 5. 3. 3.1  Adjust  signal  generator  output  level  and  discriminator 
balance  and  output  levels  in  accordance  with  paragraph  5.0. 

5. 5. 3. 3. 2  Set  the  input  frequency  to  the  LBE  frequency. 

5. 5. 3. 3. 3  Record  on  Data  Sheet  5.5.1  Input  Frequency,  dc  Output 
Voltage  and  ac  Line  Voltage  as  ac  line  voltage  is  increased  in 
increments  of  approximately  5  percent  of  normal  operating  voltage 
from  minimum  operating  voltage  to  maximum  operating  voltage. 
Observe  output  waveform  with  oscilloscope  and  note  any  change  on 
data  sheet  5.5.1  as  ac  line  voltage  is  varied. 

Example:  If  normal  operating  voltage  is  120  Vac  and 

specified  operating  range  is  105  Vac  to  135  Vac,  data 
points  should  be  approximately  6  Vac  apart. 

5. 5. 3. 3. 4  Repeat  step  5. 5. 3. 3. 3  for  center  frequency  and  UBE 
frequency. 

5.5.4  Data  Reduction  -  Calculate  the  line  voltage  sensitivity  as 
indicated  on  data  sheet  5.5.1  and  compare  with  electrical 
specifications.  The  line  voltage  sensitivity  may  be  calculated 
for  any  two  data  points  on  the  data  sheet  at  any  input 
frequency.  The  ac  maximum  and  ac  minimum  are  the  upper  and  lower 
values  of  ac  line  voltage  that  determines  the  data  points.  The 
dc  maximum  and  dc  minimum  are  the  corresponding  discriminator 
outputs  for  the  two  different  ac  line  voltage  values  at  a  given 
frequency  (see  data  sheet  5.5.1  sample). 


FM  DISCRIMINATORS 


DATA  SHEET  5.5.1 

TEST  Line  Voltage  Sensitivity  Test 

MANU  FACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N 

UPPER  BAND  EDGE _ 

LOW  PASS  FILTER  CUTOFF _ 


LOW  PASS  FILTER  TYPE  -  |_|CA  j_|CD  |_j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


ac  Operating  Range  _ Vac  TO 

%  Full  Bandwidth  Tolerance  _ % 


_ Discriminator  Inputs _ 

LBE  Center  Freq.  UBE 

Specified  _  kHz  _  kHz  _  kHz 

Measured  _  kHz  _  kHz  _  kHz 


ac  Line 

Voltage  _ Discriminator  Outputs  (Vdc) _ 

Nominal  _  (L)  _  _  (U) 


Line  Voltage  Sensitivity  = 


dc 


ac 


MAX - ^MIN 

U-L 


-ac  . 

max  min 


X  100%  per  Vac 


%  per  Vac 
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FM  DISCRIMINATORS 


DATA  SHEET  5.5.1  Sample) 

TEST  Line  Voltage  Sensitivity  Test 

MANUFACTURER _ Ml _  MODEL  DEF _ 

SERIAL  NO. _ Afi£ _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY _ 70.0 _ kHz  UPPER  BAND  EDGE  80.5 _ kHz 

LOWER  BAND  EDGE _ 59.5 _ kHz  LOW  PASS  FILTER  CUTOFF  2.1  kHz 

LOW  PASS  FILTER  TYPE:  |~|CA  [X|CD  Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 

ac  Operating  Range  105 _ Vac  TO  132 _ Vac 

%  Full  Bandwidth  Tolerance  0.5 _ %. 


Specified 

Measured 


LBE 

59.5  kHz 
59.5000  kHz 


Discriminator  Inputs _ 

Center  Freq.  UBE 

70.0  kHz  80.5 

70.000  kHz  80.5000 


kHz 

kHz 


ac  Line 
Voltage 
Nominal 
105 

_ 112 _ 

_ 11§ _ 

126 

132 


-9.328 

-9.328 

-9.328 

-9.326 

-9.326 

-9.326 


Discriminator  Outputs  (Vdc) 


(L)  -14  mV  +9.981 

-15  +9.982 

-15  +9.981 

-15  +9.979 

-15  +9.979 

-15  +9.980 


(U) 


Comments 


Line  Voltage  Sensitivity 


dcWAX_  -  -dcM[)(, 
U  -  L 


x  100  %  per  Vac 


ac, 


-  acu 


MAX  MIN 

-9.326  +9.328 
9.981  +  9.328 


=  7.4  x  10 


119  -  105 

-4 


x  ioo 


%  per  Vac 


%  per  Vac 
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5.6  Output  Impedance  and  Current 


5.6.1  Purpose  -  This  test  measures  the  output  resistance  and 
current  drive  capability  of  an  FM  discriminator. 

5.6.2  Test  Equipment 

Signal  generator 
Frequency  counter 
Digital  voltmeter  (dc) 

True  rms  voltmeter 
Variable  load 
Ohmmeter 

5.6.3  Test  Method 

5.6.3. 1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.6.1. 

5. 6. 3. 2  Conditions 


5. 6. 3. 2.1  Warm  up  all  equipment  according  to  specifications. 

5. 6. 3. 2. 2  Set  up  signal  generator  in  accordance  with  standard 
conditions  in  paragraph  5.0. 

5. 6. 3. 3  Procedure 

5. 6. 3. 3.1  Set  signal  generator  to  center  frequency  and  adjust 
discriminator  to  0  V  output. 

5. 6. 3. 3. 2  Apply  UBE  frequency  to  discriminator  input  and  adjust 
discriminator  for  maximum  output  (see  subparagraph  5. 0,4. 4. 2). 

5. 6. 3. 3. 3  Disconnect  load  and  measure  and  record  open  circuit 
output  voltage  on  data  sheet  5.6.1  for  UBE  frequency. 

5. 6. 3. 3. 4  Connect  a  resistive  decade  box  set  for  maximum 
resistance  to  the  discriminator. 

5. 6. 3. 3. 5  Decrease  resistance  until  the  output  voltage  is  one-half 
of  the  open  circuit  value. 

5. 6. 3. 3. 6  Disconnect  decade  box  from  circuit  and  measure  and 
record  its  resistance  on  data  sheet  5.6.1.  This  resistance  will  be 
used  to  calculate  the  maximum  output  current  of  the  discriminator. 

5. 6. 3. 3. 7  Repeat  procedure  and  record  results  using  LBE  frequency. 

5. 6. 3. 3. 8  Set  the  signal  generator  to  a  frequency  equal  to  the 
discriminator  center  frequency  plus  1  percent  of  the  UBE 
frequency  minus  the  center  frequency  (  fc+0 . 01  (  fUBE-fc)  )  .  Repeat 
steps  5. 6. 3. 3. 3  through  5. 6. 3. 3. 5.  Disconnect  decade  box  from 
circuit  and  measure  and  record  its  resistance  on  data  sheet  5.6.1. 
The  measured  resistance  is  the  dc  output  resistance. 


i 

% 

< 


i 

i 


I 


] 
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FM  DISCRIMINATORS 


DATA  SHEET  5.6.1 

TEST  Output  Impedance  and  Current 

MANU  FACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 

LOW  PASS  FILTER  TYPE:  ilJCA 

TEST  PERSONNEL _  DATE 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE _ kHz 

LOW  PASS  FILTER  CUTOFF _ kHz 

| CD  Other _ 

_  LOCATION _ 


MAXIMUM  OUTPUT  CURRENT 


Upper  Band  Edge  Frequency  _  kHz 

Open  Circuit  Voltage  _ _  Vdc 

Resistance  _  Ohms 


Lower  Band  Edge  Frequency  _  kHz 

Open  Circuit  Voltage  Vdc 

Resistance  Ohms 


Maximum  Current  =  V/2R  = _ mamp. 


OUTPUT  IMPEDANCE 


Center  Frequency  +0.01  (UBE-fc)  =  _  kHz 

Open  Circuit  Voltage  =  Vdc 

Resistance  =  Ohms 


Center  Frequency  -0.01  (UBE-fc)  =  _  kHz 

Open  Circuit  Voltage  =  Vdc 

Resistance  =  Ohms 


5-35 


5. 6. 3. 3. 9  Set  the  signal  generator  to  a  frequency  equal  to  the 
discrininator  center  frequency  minus  1  percent  of  the  UBE 
frequency  minus  the  center  frequency.  Repeat  steps  5. 6. 3. 3. 3 
through  5. 6. 3. 3. 6. 

5.6.4  Data  Reduction  -  Calculate  the  maximum  output  current  by 
dividing  the  open  circuit  voltage  by  two  times  the  measured 
resistance  (subparagraph  5. 6. 3. 3. 6)  (see  data  sheet  5.6.1 
sample) . 
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FM  DISCRIMINATORS 


DATA  SHEET  5.6.1  (Sample) 

TEST  Output  Impedance  apd  Current 

MANUFACTURER  XYZ _  MODEL  DEF _ 

SERIAL  NO .  ABC _  IRIG  CHANNEL  _ _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY  70.0 _ kHz  UPPER  BAND  EDGE  80.5 _ kHz 

LOWER  BAND  EDGE _ 59.5 _ kHz  LOW  PASS  FILTER  CUTOFF _ JjHi 

LOW  PASS  FILTER  TYPE:  Il'CA  'E,'CD  |“J Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


MAXIMUM  OUTPUT  CURRENT 


Upper  Band  Edge  Frequency  80. 5 _  kHz 

Open  Circuit  Voltage  -HO .  083 _  Vdc 

Resistance  34 _  Ohms 


Lower  Band  Edge  Frequency  _ 59 . 5 _  kHz 

Open  Circuit  Voltage  -10.084 _  Vdc 

Resistance  34 _  Ohms 


Maximum  Current  =  V/2R  =  148.3  mamp. 


OUTPUT  IMPEDANCE 


Center  Frequency  +0.01  (UBE-fc)  = 
Open  Circuit  Voltage  C  = 

70.105 

kHz 

43 

mVdc 

Resistance  = 

0.31 

Ohms 

Center  Frequency  -0.01  (UBE-fc)  = 
Open  Circuit  Voltage  C  = 

69.895 

kHz 

-104 

mVdc 

Resistance  = 

0.32 

Ohms 
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5.7  Amplitude  Modulation  Rejection  Test 


5.7.1  Purpose  -  This  test  determines  how  well  a  discriminator 
rejects  amplitude  modulation  which  is  present  on  its  input  signal. 

5.7.2  Test  Equipment 

Signal  generator 
Square  wave  generator 
Frequency  counter 

Oscilloscope  (dual  trace)  2  required 
Scope  camera  or  plotter 

5.7.3  Test  Method 

5. 7. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.7.1. 

5. 7. 3. 2  Conditions 


5. 7. 3. 2.1  Warm  up  all  equipment  according  to  specifications. 

5. 7. 3. 2. 2  Set  up  the  discriminator  according  to  the  standard 
conditions  in  subparagraph  5.0. 

5. 7. 3. 2. 3  Set  up  the  signal  generator  according  to  the  standard 
conditions  in  subparagraph  5. 0.4.1. 

5. 7. 3. 3  Procedure 

5. 7. 3. 3.1  Set  the  frequency  of  the  square-wave  generator  to 
5  percent  of  the  LPOF  cutoff  frequency. 

5. 7. 3. 3. 2  Adjust  the  square-wave  generator  output  amplitude  and 
offset  to  apply  a  20-dB  step  in  amplitude  at  the  output  of  the 
signal  generator.  The  peak-to-valley  voltage  relationship  of  the 
amplitude  modulated  subcarrier  signal  should  be  a  ratio  of  10 
(voltage  peak  =  10  x  voltage  valley) . 

5. 7. 3. 3. 3  Measure  and  record  on  data  sheet  5.7.1  the  peak-to- 
peak  discriminator  output  voltage.  Take  a  photograph  of  the 
oscilloscope  trace  and  attach  to  the  data  sheet. 

5. 7. 3. 3. 4  Repeat  steps  5. 7. 3. 3. 2  and  5. 7. 3. 3. 3  for  the  UBE 
frequency. 


5. 7. 3. 3. 5  Repeat  steps  5. 7. 3. 3. 2  and  5. 7. 3. 3. 3  for  the  LBE 
frequency. 


5. 7. 3. 3. 6  This  test  may  be  repeated  for  other  signal  levels  as 
required  by  actual  usage. 

5.7.4  Data  Reduction  -  Compare  the  data  with  the  specification, 
(see  data  sheet  5.7.1  sample). 
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FM  DISCRIMINATORS 


DATA  SHEET  5.7.1 

TEST  Amplitude  Modulation  Rejection 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N 

UPPER  BAND  EDGE _ 

LOW  PASS  FILTER  CUTOFF _ 


|  CD  }_{ Other _ 

_  LOCATION 


VMIM  =  _ V 

VMAX  =  - V  (10  X  VM1M) 


LOW  PASS  FILTER  TYPE:  !_i‘CA 

TEST  PERSONNEL _  DATE. 


Mz 

kHz 


Lower  Band  Edge  Frequency  = 


kHz  Output  Voltage 


Vdc 


Specification  Measurement 

Peak-to  Peak 

Output  Voltage  (V)  _  _ 


Center  Frequency  = 


Peak-to  Peak 
Output  Voltage  (V) 


Upper  Band  Edge  Frequency  =  _ kHz  Output  Voltage  =  _ Vdc 

Specification  Measurement 

Peak-to  Peak 

Output  Voltage  (V)  _  _ 


_ kHz  Output  Voltage  =  _ Vdc 

Specification  Measurement 


Attach 

Photograph 

Here 


Attach  Attach 

Photograph  Photograph 

Here  Here 


Lower  Band  Edge 


Center  Frequency 
5-40 


Upper  Band  Edge 


f 


FM  DISCRIMINATORS 

DATA  SHEET  5.7.1  (Sample) 

TEST  Amplitude  Modulation  Rejection 

MANUFACTURER _ XYZ _  MODEL _ DEF _ 

SERIAL  NO. _ ABC _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY  70. _ kHz  UPPER  BAND  EDGE  80.5 _ ISJiS. 

LOWER  BAND  EDGE _ 59.5 _ kHz  LOW  PASS  FILTER  CUTOFF  2.1  kHz 

LOW  PASS  FILTER  TYPE:  iljCA  U|CD  j“j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


VMIN  =  30.0  mV 

vmax  =  300.  mV  (10  x  VmH) 


Lower  Band  Edge  Frequency  =  59 . 500 _ kHz  Output  Voltage  =  -9.424  Vdc 

Specification  Measurement 

Peak-to  Peak 

Output  Voltage  (V)  _  613  mV 

(See  attachment  1  for  lower  band  edge.) 


Center  Frequency  =  70.000  kHz  Output  Voltage  =  -0.005  Vdc 

Specification  Measurement 

Peak-to  Peak 

Output  Voltage  (V)  2  00mV _  369  mV 

(See  attachment  2  for  center  frequency.) 


Upper  Band  Edge  Frequency  =  80 . 500 _ kHz  Output  Voltage  =  9.660  Vdc 

Specification  Measurement 

Peak-to  Peak 

Output  Voltage  (V)  _  806  mV 

(See  attachment  3  for  upper  band  edge  frequency.) 


Attach 

Photograph 

Here 


Attach 

Photograph 

Here 


Attach 

Photograph 

Here 


Lower  Band  Edge 


Center  Frequency 


Upper  Band  Edge 
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AMPLITUDE  MODULATION  REJECTION 
LOWER  BANDEDGE  SIGNAL 


Data  Sheet  5.7.1  (Sample)  -  Lower  Band  Edge. 


AMPLITUDE  MODULATION  REJECTION 
CENTER  FREQUENCY  SIGNAL 


Data  Sheet  5.7.1  (Sample)  >  Center  Frequency. 


AMPLITUDE  MODULATION  REJECTION 
UPPER  BANDEDGE  SIGNAL 


Data  Sheet  5.7.1  (Sample)  -  Upper  Band  Edge. 


5.8  Sianal-To-Noise  Ratio 

5.8.1  Purpose  -  This  test  measures  output  signal-to-noise  ratio 
(SNR)  to  verify  proper  performance  of  the  discriminator  in  the 
presence  of  in-band  input  noise. 

5.8.2  Test  Equipment 

Signal  generator  or  voltage  controlled  oscillator 
Voltmeter  (dc) 

White  gaussian  noise  generator 
Active  summing  network  (see  note) 

True  rms  voltmeter 
Oscilloscope 
Frequency  counter 
Spectrum  analyzer 


NOTE 

A  passive  summing  network  can  be  used  if  proper 
precautions  are  taken  to  make  sure  that  the  summing 
network  output  amplitude  of  the  signal  or  noise,  or  both, 
do  not  vary  if  the  other  input  is  connected  or 
disconnected . 


5.8.3  Test  Method 

5.8. 3.1  Setup  -  Connect  the  test  equipment  as  shown  in  figure  5.8.1. 

5. 8. 3. 2  Conditions  -  See  paragraph  5.0  for  general  test 
conditions.  Adjust  the  discriminator  output  to  0  Vdc  with  an 
unmodulated  signal  at  the  discriminator  center  frequency  applied 
to  the  discriminator  input.  Set  the  signal  generator  to  the 
discriminator  UBE  and  adjust  the  discriminator  output  to  5  Vdc. 
Record  on  data  sheet  5.8.1.  Reset  the  signal  generator  to  the 
following: 

Output  frequency  =  discriminator  center  frequency 
Output  amplitude  =  0.3  Vrms  at  output  of  summing  network. 

5. 8. 3. 3  Procedure 

5. 8. 3. 3.1  Remove  the  noise  from  the  summing  network.  Measure  the 
rms  signal  voltage  at  the  output  of  the  discriminator  bandpass 
filter.  Record  this  value  on  data  sheet  5.8.1.  Measure  the  rms 
voltage  at  the  discriminator  low  pass  filter  output.  Record  this 
value  on  the  line  labeled  maximum  SNR  under  the  heading  of  low  pass 
filter  output  noise  volts. 

5. 8. 3. 3. 2  Connect  the  noise  generator  to  the  input  of  the  summing 
network  and  remove  the  signal  generator.  Set  the  rms  voltage  of 
the  noise  at  the  output  of  the  discriminator  bandpass  filter  to  be 
30  dB  less  than  the  rms  signal  voltage  measured  above.  Connect  the 


5-45 


VOLTMETER 


FM  DISCRIMINATORS 


DATA  SHEET  5.8.1 

TEST  Sianal-to-Noise  Ratio 

MANU  F ACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE _ kHz. 

LOW  PASS  FILTER  CUTOFF _ kHz 


LOW  PASS  FILTER  TYPE:  j_|CA  } _ { CD  J_j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


Discriminator  output  voltage  with  UBE  frequency  input _ Vdc 

Signal  at  output  of  discriminator  bandpass  filter  _ Vrms 

Low  Pass  Filter  Output 

Approximate  Noise  Measured  Calculated 

Input  SNR(dB)  Volts  SNR0  SNRT 

30  _  _  _ 

20  _  _  _ 

15  _  _  _ 

12  _  _  _ 
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signal  generator  to  the  input  of  the  summing  network.  Set  up  the 
spectrum  analyzer  to  monitor  the  signal  and  noise  in  the 
discriminator  bandpass  filter.  Note  the  noise  level  for  future 
reference.  Remove  the  signal  from  the  summing  network.  The 
noise  level  should  not  change.  If  the  level  changes,  a  problem 
exists.  Some  discriminators  have  changes  in  gain  when  the  input 
signal  is  too  small.  Increase  the  noise  level  and  observe 
whether  the  BPIF  output  level  suddenly  decreases.  If  this  change 
occurs,  increase  the  noise  level  by  another  3  to  6  dB  and  note 
the  level  on  the  rms  voltmeter.  Reconnect  the  signal  generator 
and  disconnect  the  noise  generator.  Set  the  signal  generator  to 
a  level  30  dB  above  the  rms  value  of  the  noise.  Measure  the  BPIF 
output  voltage  and  record  in  place  of  the  value  measured  in 
subparagraph  5. 8. 3. 3.1.  Reconnect  the  noise  generator  and  note 
the  noise  level  on  the  spectrum  analyzer.  Disconnect  the  signal 
generator.  The  noise  level  should  not  change. 


NOTE 

If  the  noise  level  changes,  the  test  probably  cannot  be 
performed.  Also  check  the  BPIF  output  with  the  signal 
connected  to  verify  that  limiting  is  not  occurring. 
Limiting  or  automatic  gain  control  ( AGC)  will 
invalidate  the  results  of  this  test. 


Record  the  rms  signal  value  on  data  sheet  5.8.1. 

5. 8. 3. 3. 3  Measure  the  rms  voltage  at  the  output  of  the 
discriminator  low  pass  filter  and  record  on  data  sheet  5.8.1. 

5. 8. 3. 3. 4  Repeat  steps  5. 8. 3. 3. 2  and  5. 8. 3. 3. 3  with  the  rms 
voltage  of  the  noise  20,  15,  and  12  dB  less  than  the  rms  voltage 
of  the  signal  measured  in  subparagraph  5. 8. 3. 3.1. 

5.8.4  Data  Reduction 

5. 8. 4.1  Calculate  the  SNR  at  the  discriminator  tow  pass  filter 
output  from 

SNR0  =  20  (log  (signal  at  UBE/noise  at  low 
pass  filter  output))  -  3  dB. 


NOTE 

The  3  dB  is  subtracted  to  convert  peak  to  rms  for  sine 
wave. 


Record  on  data  sheet  5.8.1. 
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5. 8. 4. 2 


Calculate  the  expected  SNR  at  the  discriminator  output  from: 


3BP  r  Af)Z 

2(f0)3 

30 (log  UP5f~  )  +  4.77  +  SNR,  (dB)  , 

ro 

where  B=  Discriminator  bandpass  filter  bandwidth  =  2Af 
p=  SNR  at  bandpass  filter  output  =  SNR, 

Af  =  Peak  deviation 

f0  =  Low  pass  filter  cutoff  frequency 
fc  =  Discriminator  center  frequency 
UBE  =  Upper  Band  Edge  Frequency. 

Record  SNRT  on  data  sheet  5.8.1  (see  data  sheet  5.8.1  sample). 


SNRr  = 
SNRt  = 


NOTE 


The  first  quantity  (30  log  (  ) )  in  the  previous 
equation  takes  on  the  following  values  for  commonly 
used  deviation  ratios  (peak  deviation  to  low  pass 
filter  cutoff  frequency) : 

Deviation  Ratio  30  log  (  ) 


1 

2 

4 

5 


0 

9.03 

18.06 

20.97 


The  SNR  values  calculated  from  the  above  equation 
assumes  that  the  filters  are  ideal;  therefore,  the 
results  are  only  approximations  for  real  world 
filters.  Measured  values  will  usually  be  a  few  dB 
lower  than  the  calculated  values.  The  low  pass  filter 
cutoff  frequency  is  defined  to  be  the  frequency  at 
which  the  output  is  reduced  by  3  dB  relative  to  the 
amplitude  at  dc. 
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FM  DISCRIMINATORS 


DATA  SHEET  5.8.1  f Sample) 

TEST  Siqnal-to-Noise  Ratio 

MANUFACTURER  XYZ _ 

SERIAL  NO. _ &]|C _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ 70.0 _ kHz 

LOWER  BAND  EDGE  59.5 _ kHz 


MODEL  DEF _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE  80.5 _ kHz 

LOW  PASS  FILTER  CUTOFF  2 . 1  kHz 


LOW  PASS  FILTER  TYPE:  J _ | CA  |X|CD  J_j Other 

TEST  PERSONNEL _  DATE _  LOCATION. 


Discriminator  output  voltage  with  upper  band  edge  frequency  input  5.06  Vdc 
Signal  at  output  of  discriminator  bandpass  filter  90.6  mVrros 


Low  Pass  Filter  Output 

Approximate  Noise  Measured  Calculated 

Input  SNR(dB)  Volts  SNR0  SNRT 

_  0 . 94mV  7 1 . 6dB  - 


5.9  Band  Pass  Input  Filter  Shape 

5.9.1  Purpose  -  This  test  measures  the  discriminator  bandpass 
filter  frequency  response.  This  data  can  be  used  to  correct  the 
output  frequency  response  for  roll-off  because  of  the 
discriminator  bandpass  filter. 


NOTE 

Two  test  methods  are  contained  in  the  procedure.  The 
sine-wave  method  is  the  preferred  method  but  it  will 
not  work  if  there  is  limiting  or  AGC  before  the 
bandpass  filter  output  test  point.  The  sine-wave  test 
consists  of  applying  fixed  amplitude  sine  waves  of 
various  frequencies  to  the  discriminator  input  and 
measuring  the  amplitude  at  the  bandpass  filter  output 
test  point.  The  white-noise  test  consists  of  applying 
a  wide  band  white-noise  signal  to  the  discriminator 
input  and  measuring  the  noise  spectrum  at  the  bandpass 
filter  test  point.  This  method  is  immune  to  AGC  action 
because  all  input  frequencies  will  be  amplified  by  the 
same  amount;  therefore,  the  output  is  representative  of 
the  bandpass  filter  frequency  response. 


5.9.2  Test  Equipment 

5. 9. 2.1  Procedure  1  -  Sine-Wave  Method 

Signal  generator 

True  rms  voltmeter 

Spectrum  analyzer  with  tracking  generator  - 

resolution  bandwidth  <10  percent  of  specified 
discriminator  bandpass  filter  bandwidth 

Oscilloscope  camera  (for  photographing  spectrum  analyzer 
display)  or  plotter 

5. 9. 2. 2  Procedure  2  -  White-Noise  Method 

Spectrum  Analyzer  -  resolution  bandwidth  <10  percent  of 

specified  discriminator  bandpass  filter  bandwidth.  Video 
bandwidth  <1  percent  of  resolution  bandwidth 

White-noise  generator  -  noise  generator  with  flat  output 
spectral  density  (±0.5  dB)  over  frequencies  of  interest. 

True  rms  voltmeter 

Oscilloscope  camera  for  photographing  spectrum  analyzer 
display  or  plotter 
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5.9.3  Test  Method 


NOTE 

Procedure  1  will  not  work  for  discriminators 
which  have  AGC  or  limiting  before  the  bandpass 
filter  test  point.  This  point  can  be  checked  by 
applying  a  center  frequency  sine  wave  with 
amplitude  of  0.3  Vrms  to  the  discriminator  input 
and  measuring  the  bandpass  filter  output  using 
the  true  rms  voltmeter.  Call  this  value  X  dB. 
Set  the  input  to  the  following  amplitudes  and 
measure  the  bandpass  filter  output: 


0.3  Vrms 
0 . 6  Vrms 
0.095  Vrms 
0.03  Vrms 


Output  (djg) 
X 

X  +  6 
X  -  10 
X  -  20 


If  the  output  values  are 
values  in  the  table,  the 
Procedure  1  can  be  used, 
different  input  level  or 


within  +0.5  dB  of  the 
system  is  linear  and 
If  not,  either  try  a 
use  Procedure  2 . 


5. 9. 3.1  Sine-Wave  Method  (Procedure  11 

5 . 9 . 3 . 1 . 1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.9.1. 

5. 9. 3. 1.2  Conditions  -  See  paragraph  5.0  for  general  test 
conditions. 

5. 9. 3. 1.3  Procedure 

5. 9. 3. 1.3.1  Set  the  signal  generator  output  amplitude  to 
0.3  Vrms  and  the  frequency  to  the  center  frequency  of  the 
discriminator  under  test.  Measure  the  bandpass  filter  output 
amplitude  using  the  true  rms  voltmeter.  Record  this  value  on 
data  sheet  5.9.1.  Measure  and  record  the  bandpass  filter  output 
amplitude  at  the  other  frequencies  shown  on  data  sheet  5.9.1. 
Keep  the  input  amplitude  constant  at  0.3  Vrms. 


NOTE 

Other  input  amplitudes  should  be  used 
instead  of  0.3  Vrms  if  they  are  more 
typical  of  actual  usage  or  if  the  system  is 
not  linear  for  an  input  voltage  of  0.3 
Vrms. 
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Figure  5.9.1  Test  Setup  for  Bandpass  Input  Filter  Frequency  Response 


FM  DISCRIMINATORS 


DATA  SHEET  5.9.1 

TEST  Bandpass  Filter  Frequency  Response 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER 

UPPER  BAND  EDGE _ 

LOW  PASS  FILTER  CUTOFF 


S/N 


LOW  PASS  FILTER  TYPE:  |_|CA  |  _  j  CD  j_|  Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


kHz 

kH% 


fc  =  Center  Frequency  Af  =  Upper  Band  Edge  Freq.  -  f£  =  _ kHz 


Frequency  (kHz)  Amplitude  (dB)  Relative  Amplitude  (dB) 

fc  -  -  - 

fc+  Af/2  _  _  _ 

fc~  Af/2  _  _  _ 

fc+  Af  _  _  _ 


f'-2  Af 


EXAMPLE : 

Relative  Amplitude  at  (fc+A  f)  =  Amplitude  at  (fc+  Af)  -  Amplitude  at  fc 


Spectrum  Analyzer  Settings 


Vertical  Scale  (dB/div) _ dB 

Lower  Frequency  _ kHz 

Upper  Frequency  _ kHz 

Resolution  Bandwidth  _ Hz 

Video  Bandwidth  _ Hz 


Attach 

Photograph 

Here 
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5. 9. 3. 1.3. 2  Set  up  the  equipment  as  shown  in  figure  5.9.2.  Set 
the  spectrum  analyzer  tracking  generator  output  to  0.3  Vrms  at 
the  discriminator  center  frequency  (fc).  Set  the  sweep  limits  at 
fc-2.5  Af  and  fc+2.5  Af  (  Af  =  UBE  frequency  -  f  ).  Set  the 
spectrum  analyzer  vertical  sensitivity  to  2  dB/division.  Adjust 
the  center  frequency  level  to  be  2  dB  below  top  of  display. 
Photograph  the  spectrum  and  attach  to  data  sheet  5.9.1. 

5. 9. 3. 2  White-Noise  Method  -  (Procedure  2) 

5. 9. 3. 2.1  Setup  -  Connect  the  noise  generator  output  to  the 
spectrum  analyzer  input. 

5. 9. 3. 2. 2  Conditions  -  Set  the  spectrum  analyzer  resolution 
bandwidth  to  a  value  <10  percent  of  the  specified  bandpass  filter 
bandwidth  of  the  discriminator  under  test.  Set  spectrum  analyzer 
video  bandwidth  to  a  value  <1  percent  of  resolution  bandwidth. 

Set  spectrum  analyzer  sweep  limits  to  f -2 . 5  A  f  and  fc+2.5  Af 
respectively  (see  data  sheet  5.9.1).  The  spectrum  analyzer 
vertical  sensitivity  should  be  set  to  2  dB/division.  Adjust  the 
noise  generator  output  amplitude  to  0.5  Vrms.  Set  the  noise 
generator  output  frequency  response  such  that  the  noise  is  white 
over  the  frequency  range  of  interest. 

5. 9. 3. 2. 3  Verify  that  the  noise  spectrum  is  flat  within  +0.5  dB 
over  the  frequency  range  of  interest. 

5. 9. 3. 2. 4  Procedure  -  Connect  the  equipment  as  shown  in  figure 
5.9.3.  Measure  and  photograph  the  spectrum  at  the  discriminator 
bandpass  filter  output.  Estimate  the  values  at  the  frequencies 
shown  on  data  sheet  5.9.1.  Attach  the  photograph  to  the  data 
sheet. 

5.9.4  Data  Reduction  -  Verify  that  the  values  recorded  on  data 
sheet  5.9.1  meet  the  required  specification  (see  data  sheet  5.9.1 
sample) . 
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Figure  5.9.2  Test  Set-up  for  Bandpass  Input  Filter  Frequency  Response 


Figure  5.9.3  Test  Setup  for  Bandpass  Input  Filter  Frequency  Response 
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fc+  A  f/2  75.25 

fe-  A  f/2  64.75 

fe+  Af  80.5 

fc-  Af  59.5 

fc+2  Af  91 

fc-2  Af  49 


EXAMPLE: 

Relative  Amplitude  at  ( f c+  A  f )  =  Amplitude  at  (fc+  A  f )  -  Amplitude  at  fc 


Spectrum  Analyzer  Settings 

Attach 
Photograph 
Here 

(See  attachments  1  and  2.) 


Vertical  Scale  (dB/div) 

10 

dB 

Lower  Freguency 

43.75 

kHz 

Upper  Frequency 

96.25 

kHz 

Resolution  Bandwidth 

1000 

Hz 

Video  Bandwidth 

10 

Hz 
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DISCRIMINATOR  BPF  OUTPUT 
SINE  WAVE  INPUT 
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Attachment  1 


Bandpass  Filter  Character i sti-c  -  Sine  Wave  Input. 


DISCRIMINATOR  BPF  OUTPUT  • 
WHITE  NOISE  INPUT 

CF=70  kHz  UBE=80. 5  kHz  LBE=69. 5  kHz 
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Attachment  2 


Bandpass  Filter  Characteristic  -  White  Noise  Input 


5.10  Out-of-Band  Frequency  Rejection 


5.10.1  Purpose  -  This  test  measures  the  frequency  and  amplitude 
of  spurious  signals  at  the  discriminator  output  when  signals 
outside  the  discriminator  pass  band  are  applied  to  the  input. 

5.10.2  Test  Equipment 

Signal  generator  or  voltage  controlled  oscillator 
which  can  be  frequency  modulated 
Sine-wave  generator  with  sweep  capability 
Sine-wave  generator 
Summing  network 
X-Y  recorder 
True  rms  voltmeter 
Spectrum  analyzer 

5.10.3  Test  Method 


5.10.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.10.1. 

5.10.3.2  Conditions  -  See  paragraph  5.0  for  general  test  condi¬ 
tions.  Set  up  the  spectrum  analyzer  as  follows: 

Minimum  frequency:  0  Hz 

Maximum  frequency:  10  times  discriminator  low  pass  filter 

cutoff  frequency 

Resolution  bandwidth:  <10  percent  of  discriminator  low  pass 

filter  cutoff  frequency 
Vertical  sensitivity:  10  dB/division 

5.10.3.3  Procedure 

5.10.3.3.1  Set  the  signal  generator  to  the  following: 

Amplitude  at  input  to  discriminator:  0.3  Vrms 
Frequency:  Discriminator  center  frequency 

Peak  deviation:  Discriminator  band  edge 

Modulating  frequency:  One  half  of  discriminator  low  pass 

filter  cutoff  frequency 

Measure  the  discriminator  full  scale  signal  output  level  on  the 
spectrum  analyzer.  Set  this  level  to  be  near  the  top  of  the 
display  and  record  on  data  sheet  5.10.1. 
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Figure  5.10.1  Test  Setup  for  Out-of-Band  Frequency  Rejecti 


FM  DISCRIMINATORS 


5.10.3.3.2  Set  the  sine-wave  generator  to  the  following 
conditions: 

Amplitude  at  input  to  discriminator:  0.3  Vrms 
Frequency:  Center  frequency  of  the  next  adjacent  usable 

channel  below  discriminator  under  test 
Modulation:  Disconnected 

Measure  the  amplitude  of  any  spurious  signals  in  the  spectral 
display  and  record  the  frequency  and  amplitude  of  these  signals 
on  data  sheet  5.10.1. 

5.10.3.3.3  Repeat  step  5.10.3.3.2  with  the  sine-wave  generator 
set  to  the  following  frequencies: 

a.  The  UBE  frequency  of  the  adjacent  usable  channel  below 
discriminator  under  test. 

b.  The  LBE  frequency  of  the  adjacent  usable  channel  above 
discriminator  under  test. 

c.  Center  frequency  of  the  adjacent  usable  channel  above 
discriminator  under  test. 

5.10.3.3.4  Remove  the  modulation  from  the  signal  generator.  Set 
the  sine-wave  generator  to  sweep  mode  and  sweep  slowly  between 
the  following  frequencies: 

a.  The  100  Hz  to  UBE  frequency  of  the  adjacent  usable 
channel  below  discriminator  under  test. 

b.  The  LBE  frequency  of  the  adjacent  usable  channel  above 
discriminator  under  test  to  1  MHz. 

If  any  spurious  output  signals  are  detected,  go  to  the  frequency 
that  caused  the  problem  and  record  the  input  frequency,  output 
frequency  and  level  on  data  sheet  5.10.1.  The  X-Y  recorder  can 
be  used  to  detect  spurious  signals. 

5.10.4  Data  Reduction  -  Subtract  the  full-scale  signal  level 
from  each  of  the  out-of-band  frequency  levels  and  record  under 
relative  column  on  data  sheet  5.10.1  (see  data  sheet  5.10.1 
sample) . 


FM  DISCRIMINATORS 


DATA  SHEET  5.10.1  (Sample) 

TEST  Adjacent  Channel  or  Unwanted  Frequency  Rejection 


MANUFACTURER. 
SERIAL  NO. 


XYZ 


-AgC. 


CHANNEL  SELECTOR  SERIAL  NO.. 

CENTER  FREQUENCY _ 64 

LOWER  BAND  EDGE _ 60 


LOW  PASS  FILTER  TYPE: 
TEST  PERSONNEL _ 


l  I 
I  _i 


CA 


MODEL. 


DEf_ 


IRIG  CHANNEL 


kHz. 


LOW  PASS  OUTPUT  FILTER  S/N 
UPPER  BAND  EDGE  68 _ 


kHz  LOW  PASS  FILTER  CUTOFF. 


I  Yl 


X  CD 


!_| Other. 


DATE 


LOCATION 


KHz 


kH.z 


Full  Scale  Signal  -4 . 3 


Out-of-Band  Frequency 
At  Input 


dBm 


Unwanted  Frequency  At 
Discriminator  Output 


Relative  To  Full 
Scale  Signal 


kHz 

kHz 

dBm 

dB 

kHz 

kHz 

dBm 

dB 

kHz 

kHz 

dBm 

dB 

kHz 

kHz 

dBm 

dB 

kHz 

kHz 

dBm 

dB 

kHz 

kHz 

dBm 

dB 

No  spurious  signals  detected. 

All  spurious  signals  at  least 
50  dB  below  full  scale  sine  wave. 


5.11  Pulse  Response 


5.11.1  Purpose  -  This  test  measures  the  response  of  the 
discriminator  to  an  input  signal  which  is  modulated  by  pulses, 
for  example,  pulse  amplitude  modulation  (PAM)  or  pulse  code 
modulation  (PCM) . 

5.11.2  Test  Equipment 

Signal  generator  which  can  be  frequency  modulated 
Square-wave  generator 
Frequency  counter 
Oscilloscope 

Oscilloscope  camera  or  plotter 

5.11.3  Test  Method 

5.11.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.11.1. 

5.11.3.2  Conditions  -  See  paragraph  5.0. 

5.11.3.3  Procedure 


5.11.3.3.1  Frequency  modulate  the  signal  generator  with  a 
square  wave.  The  square-wave  frequency  should  be  equal  to 
0.1  times  the  discriminator  LPOF  cutoff  frequency.  The  peak 
deviation  of  the  signal  generator  should  be  0.5  times  the 
UBE  frequency  minus  the  center  frequency  of  the  discri¬ 
minator.  Take  a  photograph  of  the  oscilloscope  display. 
Measure  the  rise  time,  overshoot,  and  settling  time,  and 
record  on  data  sheet  5.11.1. 

5.11.3.3.2  Repeat  step  5.11.3.3.1  with  a  peak  deviation 
equal  to  the  UBE  frequency  minus  the  center  frequency. 

5.11.4  Data  reduction  -  Compare  the  results  with  the 
specification  (see  data  sheet  5.11.1  sample). 
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FM  DISCRIMINATORS 


DATA  SHEET  5.11.1 
TEST  Pulse  Response 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz. 


MODEL _ 

TRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE _ kHz. 

LOW  PASS  FILTER  CUTOFF _ JcHz 


LOW  PASS  FILTER  TYPE:  | _ j  CA  J_jCD  j_j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


Square  Wave  Frequency 


kHz 


Peak  Deviation 

10  to  90%  Rise  Time 

Overshoot 

Settling  Time  to  Within 
2%  of  Step 


kHz 

_jns 

_ i  of  peak-to-peak  amplitude 

ms 


Peak  Deviation 

10  to  90%  Rise  Time 

Overshoot 

Settling  Time  to  Within 
2%  of  Step 


kHz 

ms 

_ &  of  peak-to-peak  amplitude 

...ns 


ATTACH  ATTACH 

PHOTO  PHOTO 
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FM  DISCRIMINATORS 


V  DATA  SHEET  5.11.1  (Sample) 

TEST  Pulse  Response 

MANUFACTURER  XYZ _  MODEL _ DIE _ 

SERIAL  NO. _ &BC _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY  80 _ kHz  UPPER  BAND  EDGE _ 84.0 _ kHz 

LOWER  BAND  EDGE _ 76.0 _ kHz  LOW  PASS  FILTER  CUTOFF  1.0  kHz 


LOW  PASS  FILTER  TYPE:  |_|CA 

TEST  PERSONNEL _  DATE 


Square  Wave  Frequency 

Peak  Deviation 

10  to  90%  Rise  Time 

Overshoot 

Settling  Time  to  Within 
2%  of  Step 

(See  attachment  1.) 

Peak  Deviation 

10  to  90%  Rise  Time 

Overshoot 

Settlinq  Time  to  Within 
2%  of  Step 


X|CD 

I 

i_ 

] 

0.100 

kHz 

4. 

kHz 

0.35 

ms 

0.8 

% 

0.600 

ms 

2. 

kHz 

0.35 

ms 

0.7 

% 

0.650 

ms 

1  of  peak-to-peak  amplitude 


%  of  peak-to-peak  amplitude 


(See  attachments  1  and  2.) 


ATTACH 

PHOTOGRAPH 


ATTACH 

PHOTOGRAPH 


5-69 


SE  RESPONSE  TEST 
DEVIATION=BANDEDGE 


PULSE  RESPONSE  TEST 
PEAK  DEVIATI0N=BANDEDGE/2 


Data  Sheet  5.11.1  (Sample)  -  Pulse  Response  Peak  Deviation  -  2kHz. 


5. 12  Acquisition  and  Settling  Time 

5.12.1  Purpose  -  This  test  measures  the  time  required  for  the 
discriminator  output  to  reach  its  final  value  after  the 
application  of  an  input  signal.  The  time  includes  bandpass 
filter,  discriminator  and  output  filter  delays. 

5.12.2  Test  Equipment 

Signal  generator  with  amplitude  modulation  or 
gate  on/off  capability 
Square-wave  generator 
Frequency  counter 
True  rms  voltmeter 
Dual-trace  oscilloscope 
Oscilloscope  camera  or  plotter 

5.12.3  Test  Method 

5.12.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.12.1. 

5.12.3.2  Conditions  -  See  paragraph  5.0  for  general  test 
conditions.  Set  the  discriminator  output  voltage  to  0  V  with  an 
unmodulated  center  frequency  input.  Adjust  the  discriminator 
output  voltage  to  +5  V  with  an  UBE  frequency  input.  Set  the 
oscilloscope  vertical  sensitivity  to  0.1  V/division  on  the 
channel  monitoring  the  discriminator  output. 

5.12.3.3  Procedure 


5.12.3.3.1  Adjust  the  signal  generator  output  frequency  to  be 
equal  to  the  center  frequency  of  the  discriminator  under  test. 
Amplitude  modulate  the  signal  generator  with  a  square  wave  such 
that  the  maximum  signal  level  is  6  dB  greater  than  the  minimum 
specified  input  level  and  the  minimum  signal  level  is  at  least 
20  dB  below  the  minimum  specified  input  level.  Measure  the 
amplitude  modulation  by  setting  the  square  wave  frequency  to 
approximately  0.1  Hz  and  reading  the  amplitude  of  the  two  levels 
using  a  true  rms  voltmeter.  Record  the  maximum  and  minimum 
signal  levels  on  data  sheet  5.12.1.  (A  signal  generator  which 
can  be  gated  on  and  off  may  be  substituted  for  the  amplitude 
modulated  signal  generator) . 

5.12.3.3.2  Set  the  square  wave  frequency  equal  to  0.1  times  the 
discriminator  output  low  pass  filter  frequency.  Adjust  the 
oscilloscope  to  synchronize  on  the  square  wave  signal.  Photograph 
the  oscilloscope  display.  Measure  the  time  between  the  signal 
going  to  the  high  input  level  state  and  the  discriminator  output 
Figure  5.12.1 
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FM  DISCRIMINATORS 


DATA  SHEET  5.12.1 

TEST  Acquisition  and  Settling  Time 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE _ kHz 

LOW  PASS  FILTER  CUTOFF _ kHz 


LOW  PASS  FILTER  TYPE:  |_|CA  { _{ CD  J_j Other _ 

TEST  PERSONNEL _  DATE _  LOCATION 


Signal  Generator  Levels  With  Amplitude  Modulation 
Input  to  discriminator 

Maximum _ mVrms 

Minimum _ mVrms 
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settling  to  within  one  vertical  division  (1  percent  of  peak- 
to-peak  output  voltage  swing)  of  its  final  value.  The  square 
wave  frequency  and  oscilloscope  horizontal  time  base  may  have  to 
be  adjusted  to  obtain  the  desired  accuracy.  A  sample  oscillo¬ 
scope  display  is  shown  in  figure  5.12.2.  Record  the  results  on 
data  sheet  5.12.1. 

5.12.4  Data  Reduction  -  Compare  the  results  with  the  specifica¬ 
tion  (see  data  sheet  5.12.1  sample). 


Center  Frequency:  128  kHz 

Bandpass  Filter  Bandwidth:  8  kHz 

Low  Pass  Filter  Bandwidth:  4  kHz 

Horizontal  Sensitivity:  0.1  ms/major  division 

Settling  time  to  within  1%  of  full  scale:  0.36  ms 

Final  value:  2  major  divisions  up  from  bottom  of  display 


Figure  5.12.2 


Photograph  of  Oscilloscope  Display  for  Acquisition  and 
Settling  Time  Test. 
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PM  DISCRIMINATORS 


DATA  SHEET  5.12.1  (Sample) 

TEST  Acquisition  and  Settling  Time 

MANUFACTURER _ XYZ _  MODEL  DEF _ _ 

SERIAL  NO. _ ABC _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY _ 64 _ kHz  UPPER  BAND  EDGE _ 68 _ kHz 

LOWER  BAND  EDGE _ 60 _ kHz  LOW  PASS  FILTER  CUTOFF  2 _  kHz 

LOW  PASS  FILTER  TYPE:  lljCA  [X [CD  j“[ Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


Signal  Generator  Levels  With  Amplitude  Modulation 
Input  to  discriminator 
Maximum  20.  mVrms 
Minimum  0.2  mVrms 
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5.13  Data  Frequency  Response 

5.13.1  Purpose  -  This  test  measures  the  data  frequency  response 
of  an  FM  discriminator. 

5.13.2  Test  Equipment 

Audio  oscillator  (sine  wave) 

Signal  generator  or  voltage  controlled  oscillator  which  can 
be  frequency  modulated 
Frequency  counter 
Oscilloscope 

Voltmeters,  rms,  2  required 

Spectrum  analyzer 

Wave  analyzer  (optional) 

5.13.3  Test  Method 

5.13.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.13.1. 

5.13.3.2  Conditions  -  See  paragraph  5.0  for  general  test 
conditions.  The  signal  generator  should  be  set  to  the  following: 

Output  frequency  =  discriminator  center  frequency 
Output  amplitude  =  0.3  Vrms 

The  discriminator  output  should  be  set  to  0V  dc  with  an 
unmodulated  center  frequency  input. 

5.13.3.3  Procedure 

5.13.3.3.1  The  first  step  in  this  procedure  will  be  to  set  the 
signal  generator  peak  deviation  equal  to  the  (UBE  frequency  - 
center  frequency)  of  the  discriminator. 


NOTE 


The  Bessel  null  method  is  described  here.  Other 
methods  of  setting  the  peak  deviation  may  be  used  if 
desired. 


Set  the  audio  oscillator  frequency  to  the  desired  peak 
deviation/2.405  (first  Bessel  carrier  null).  Decrease  the  audio 
oscillator  amplitude  to  a  minimum.  Slowly  increase  the  amplitude 
until  the  first  carrier  null  is  observed  on  the  spectrum  analyzer. 
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FREQUENCY 

COUNTER 


Measure  this  amplitude  using  the  rms  voltmeter  and  record  on  data 
sheet  5.13.1.  Increase  the  audio  oscillator  frequency  until  it  is 
equal  to  the  peak  deviation.  Measure  the  difference  (in  dB) 
between  the  modulated  carrier  amplitude  and  the  amplitudes  of  the 
first  sideband  pair.  This  difference  should  be  4.8  dB  (sidebands 
lower  than  modulated  carrier) .  If  both  sidebands  are  not  between 
4.3  and  5.3  dB  lower  than  the  modulated  carrier,  the  frequency 
response  of  the  signal  generator  is  not  adequate  for  this  test,  and 
a  different  signal  generator  or  voltage  controlled  oscillator  must 
be  used. 


5.13.3.3.2  Set  the  audio  oscillator  frequency  to  one-tenth  of 
the  discriminator  low  pass  filter  cutoff  frequency.  Adjust  the 
audio  oscillator  amplitude  to  be  equal  to  the  value  determined 
in  step  5.13.3.3.1,  that  is,  the  value  which  results  in  the 
desired  peak  deviation.  Measure  the  discriminator  output  on 
the  rms  voltmeter  and  record  on  data  sheet  5.13.1. 

5.13.3.3.3  Set  the  audio  oscillator  to  the  frequencies  listed 
on  data  sheet  5.13.1  while  maintaining  the  output  amplitude 
constant.  The  highest  audio  oscillator  frequency  will  be  equal 
to  four  times  the  discriminator  low-pass  filter  cutoff 
frequency.  Measure  and  record  the  discriminator  output  on  data 
sheet  5.13.1  for  each  frequency. 

5.13.4  Data  Reduction  -  Subtract  the  discriminator  output 
amplitude  (in  dB)  at  one-tenth  the  low-pass  filter  cutoff 
frequency  from  the  amplitude  at  each  of  the  other  frequencies. 
Record  on  data  sheet  3.1  (see  data  sheet  5.13.1  sample). 


FM  DISCRIMINATORS 


DATA  SHEET  5.13.1 

TEST  Data  Frequency  Response 

MANUFACTURER _ _ 

SERIAL  NO. _ _ 

CHANNEL  SELECTOR  SERIAL  NO. _ 

CENTER  FREQUENCY _ kHz 

LOWER  BAND  EDGE _ kHz 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N  _ 

UPPER  BAND  EDGE _ kHz 

LOW  PASS  FILTER  CUTOFF _ kHz 


LOW  PASS  FILTER  TYPE:  Il'CA  j“jCD  j~{ Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 

Rms  voltage  at  FM  input  of  the  signal  generator  _ Vrros 


%  of  LPOF  Discriminator  Discriminator 

Cutoff  Output  Relative 

Frequency  Frequency (Hz)  Amplitude  (dBm>  Amplitude  (dBl 


FM  DISCRIMINATORS 

DATA  SHEET  5.13.1  (Sample) 

TEST  Data  Frequency  Response 


MANUFACTURER 

XYZ 

MODEL  DEF 

SERIAL  NO. 

ABC 

IRIG  CHANNEL 

CHANNEL  SELECTOR 

SERIAL  NO. 

LOW  PASS  OUTPUT 

FILTER  S/N 

CENTER  FREQUENCY 

64 

kHz 

UPPER  BAND  EDGE 

68 

kHz 

LOWER  BAND  EDGE 

60 

kHz 

LOW  PASS  FILTER 

CUTOFF  2 . 0 

kHz 

LOW  PASS  FILTER  TYPE: 
TEST  PERSONNEL _ 


!_|ca 


iX|CD 


I  — I 


Other 


DATE 


LOCATION 


%  of  LPOF 

Cutoff 

Frequency 


Rms  voltage  at  FM  input  of  the  signal  generator 

Discriminator 

Output 

Amplitude  (dBm) 


0.641  Vrms 


10 


Frequency (Hz) 
200 _ 


Discriminator 
Relative 
Amplitude  (dB) 


29.05 


40 


800 


28.50 


-0.55 


5.14  Tape  Speed  Compensation 


5.14.1  Purpose  -  This  test  measures  the  performance  of  the  tape 
speed  compensation  (TSC)  circuitry  in  an  FM  demodulation  system. 


NOTE 

A  reference  discriminator  and  associated  delay  line  are 
needed  to  perform  this  test. 


5.14.2  Test  Equipment 

Two  stable  signal  generators  with  FM  inputs 
Reference  discriminator  and  delay  line 
Baseband  spectrum  analyzer 
X-Y  recorder 

Baseband  frequency  sweep  generator 
Oscilloscope  (preferably  with  dual  trace) 

5.14.3  Test  Method 

5.14.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.14.1. 

5.14.3.2  Conditions  -  Disconnect  the  baseband  frequency  sweep 
generator  from  the  inputs  of  the  signal  generators.  Set  the  output 
frequency  of  the  signal  generator  driving  the  reference 
discriminator  to  the  center  frequency  of  the  reference 
discriminator  and  the  output  frequency  of  the  signal  generator 
driving  the  discriminator  under  test  to  the  center  frequency  of  the 
discriminator  under  test.  While  monitoring  the  outputs  of  the 
discriminators,  vary  the  output  of  each  signal  generator  +3  percent 
of  the  center  frequency  and  note  the  positions  of  the  trace  on  the 
oscilloscope.  Set  the  signal  generators  back  to  the  respective 
center  frequencies  and  reconnect  the  baseband  frequency  sweep 
generator.  Adjust  the  output  level  so  that  the  peaks  of  the  output 
signals  from  the  discriminators  are  at  the  trace  positions  noted 
earlier.  A  voltage  divider  may  be  needed  on  the  FM  input  of  the 
most  sensitive  of  the  two  signal  generators  to  create  an  equal 
percent  deviation  sensitivity  on  both  signal  generators.  The 
spectrum  analyzer  should  be  set  up  to  the  following  conditions: 

Start  Frequency:  Between  0  Hertz  and  discriminator  low-pass 

filter  cutoff  frequency/100 

Stop  Frequency:  Discriminator  low-pass  filter  cutoff 

frequency. 
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Resolution  bandwidth:  Less  than  or  equal  to  stop  frequency/ 100 
Vertical  scale:  10  dB/division 

Sweep  rate:  If  the  baseband  frequency  sweep  generator 

cannot  track  the  sweep  of  the  spectrum 
analyzer,  set  the  sweep  period  to  100 
times  that  of  the  baseband  frequency  sweep 
generator 

Set  up  the  baseband  frequency  sweep  generator  to  the  same  start 
and  stop  frequencies  as  the  spectrum  analyzer. 

5.14.3.3  Procedure 


5.14.3.3.1  Disconnect  the  TSC  input  from  the  discriminator  under 
test.  With  the  equipment  under  operation,  set  the  trace  on  the 
spectrum  analyzer  to  the  reference  level  of  the  log  scale  while 
measuring  the  power  spectrum  of  the  output  of  the  test 
discriminator.  (If  the  frequency  sweep  generator  is  tracking  the 
spectrum  analyzer,  this  trace  will  be  a  continuous  line.  If  the 
sweep  rates  are  not  tracking  and  are  set  up  in  a  1  to  100  ratio 
as  described  in  subparagraph  5.14.3.2,  the  trace  will  be  about 
100  evenly  spaced  discrete  frequency  peaks.) 

5.14.3.3.2  Reconnect  the  TSC  input  to  the  discriminator  under 
test  and  record  the  spectrum  on  the  X-Y  recorder.  This  trace 
will  be  the  level  attenuation  versus  tape  speed  variation 
frequency  for  the  TSC. 

5.14.4  Data  Reduction  -  Note  the  dB  level  below  the  reference 
level  at  10  evenly  spaced  points  along  the  curve  positioned  to 
pick  up  both  the  best  and  worst  case  frequencies  in  the 
discriminator's  bandwidth.  Record  the  approximate  frequency  and 
amplitude  levels  an  data  sheet  5.14.1  (see  data  sheet  5.14.1 
sample) . 


5.14.5  Measurement  Variation  -  The  baseband  frequency  sweep 
generator  and  spectrum  analyzer  may  be  replaced  with  a  baseband 
frequency  response  level  measuring  set  for  this  test. 


FM  DISCRIMINATORS 


DATA  SHEET  5.14.1 

TEST  Tape  Speed  Compensation 

MANUFACTURER _ 

SERIAL  NO. _ _ 


MODEL 


IRIG  CHANNEL 


CHANNEL  SELECTOR  SERIAL  NO. 
CENTER  FREQUENCY _ 


LOW  PASS  OUTPUT  FILTER  S/N 
UPPER  BAND  EDGE _ 


kHz 


LOWER  BAND  EDGE 


-kHz. 


LOW  PASS  FILTER  TYPE:  } _ } CA 

TEST  PERSONNEL _ 


LOW  PASS  FILTER  CUTOFF. 

Other _ 


kHz 


!_!  cd 


DATE 


_r 

LOCATION 


Reference  Oscillator  Frequency. 

Reference  Discriminator  Model _ 

Delay  Line  Model  _ 

Frequency  (Hz^ 


kHz 


Serial  No. 
Serial  No. 


TSC  Improvement  (dB) 
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FM  DISCRIMINATORS 

DATA  SHEET  5.14.1  (Sample) 

TEST  ?aee  Speed  Compensation 

MANUFACTURER _ XXZ _  MODEL  DEF _ 

SERIAL  NO. _ &EC _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY _ 7Q _ kHz  UPPER  BAND  EDGE _ 75.25 _ kHz 

LOWER  BAND  EDGE _ 64.75 _ kHz  LOW  PASS  FILTER  CUTOFF  1.05  kHz 

LOW  PASS  FILTER  TYPE:  lljCA  jxjCD  J“| Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


Reference  Oscillator  Frequency. 
Reference  Discriminator  Model_ 

Delay  Line  Model  _ 

Frequency  (Hz) 

100 _ 

_ 200 _ 

_ 300 _ 

400 _ 

_ 500 _ 

_ 600 _ 

700 _ 

800 _ 

900 _ 

1000 _ 


100 _ kHz 

_  Serial  No. _ 

_  Serial  No. _ 

TSC  Improvement  fdBi 

_ 31 _ 

_ 24 _ 

_ 20 _ 

_ 18 _ 

_ 16 _ 

_ 14 _ 

_ 13 _ 

_ 12 _ 

_ 11 _ 

_ 10 _ 
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5.15  Discriminator  Phase  Response 


5.15.1  Purpose  -  This  test  determines  phase  response 
characteristics  of  a  discriminator  including  bandpass  input  and 
LPOF .  This  test  should  be  of  value  where  phase  distortion  or 
nonlinearity  is  the  cause  of  data  quality  or  phase-related 
processing  problems. 

5.15.2  Test  Equipment 

5.15.2.1  For  Procedure  1  -  Incremental  Method 
Audio  oscillator 

Oscilloscope  with  dual  trace  or  phase  meter 
Voltage-controlled  signal  generator  without  filter 
Frequency  counter 

5.15.2.2  For  Procedure  2  -  Quick-Look  Spectral  Method 
White  noise  generator 

Voltage-controlled  signal  generator  without  filter 
Dual-channel  spectrum  analyzer  with  transfer  function 
and  display  and  plotting  capability 

5.15.3  Test  Method 

5.15.3.1  Procedure  1  -  Incremental  Method 

This  method  involves  measuring  delay  through  the  discriminator  as 
a  function  of  intelligence  frequency.  The  delay  may  be  measured 
using  either  an  oscilloscope  or  a  phase  meter. 

5.15.3.1.1  Setup  1 

Connect  equipment  as  shown  in  figure  5.15.1. 

5.15.3.1.2  Condition  1 

Both  procedures  1  and  2  depend  on  negligible  relative 
contribution  to  phase  nonlinearity  by  the  signal  generator.  This 
condition  is  ensured  only  through  use  of  a  small,  central,  highly 
linear  portion  of  the  signal  generator  range,  and  both  procedures 
are,  therefore,  less  valid  for  large  percentage  deviation  cases. 
The  discriminator  should  already  be  set  for  0  V  out  at  center 
frequency  and  a  nominal  band  edge  voltage  appropriate  for  the 
unit  under  test. 
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Figure  5.15.1  Test  Setup  for  Discriminator  Phase  Response. 
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5.15.3.1.3  Procedure  1 


5.15.3.1.3.1  Set  the  audio  oscillator  frequency  equal  to  the 
discriminator  UBE  frequency  minus  the  center  frequency.  Set  the 
audio  oscillator  amplitude  to  produce  a  band-edge-to-band-edge 
deviation  of  the  signal  generator.  This  procedure  produces  a 
signal  with  a  modulation  index  equal  to  one.  The  two  traces  on 
the  oscilloscope  are  the  audio  oscillator  output  and  the 
discriminator  output.  The  delay  of  the  discriminator  output 
relative  to  the  audio  oscillator  output  is  the  quantity  being 
measured. 


5.15.3.1.3.2  Measure  the  time  difference  between  the  zero 
crossings  of  the  two  traces  and  record  on  data  sheet  5.15.1 
(see  data  sheet  5.15.1  sample).  Repeat  for  other  modulation 
frequencies  as  desired.  (Modulation  frequencies  of  0.25,  0.5, 

0.75,  and  1  times  the  peak  deviation  provide  a  reasonable  data 
base  for  most  applications.)  This  test  may  be  repeated  for 
other  peak  deviations  as  desired. 

5.15.3.2  Quick-look  Spectral  Method  (Procedure  2) 

This  method  involves  using  a  dual-channel  spectrum  analyzer/display 
to  observe  the  phase  response  curve  given  a  white  noise  driven 
signal  generator  as  input  to  the  discriminator. 

5.15.3.2.1  Setup  2  -  Connect  equipment  as  shown  in  figure  5.15.2. 

5.15.3.2.2  Condition  2 

This  method  uses  a  dual  channel  spectrum  analyzer  with  phase  response 
plotting  capability.  Resolution/accuracy  of  phase  measurement  will 
depend  on  dynamic  range,  numerical  cursor  readout  availability,  and 
other  features  of  a  given  analyzer.  The  discriminator  should  already 
be  set  for  0  V  output  at  center  frequency  and  a  nominal  band  edge 
voltage  appropriate  for  the  unit  under  test. 

5.15.3.2.3  Procedure  2 

Use  one  channel  of  the  dual-channel  analyzer  on  the  input  to  the 
signal  generator  and  the  second  channel  on  the  discriminator 
output.  Select  the  phase  portion  of  transfer  function  or  cross- 
spectral  mode  of  the  analyzer.  Adjust  analyzer  gain  and  white- 
noise  amplitude  to  avoid  overrange  or  saturation.  If  necessary 
to  avoid  saturation,  low-pass  filter  the  white  noise  prior  to  the 
signal  generator.  Any  prefiltering  of  the  signal  generator  input 
must  be  wider  than  the  LPOF  in  use  and  have  linear  phase 
characteristics.  Select  a  frequency  analysis  range  greater  than 
that  of  the  discriminator  LPOF  in  use.  Observe  and  hard  copy  the 
phase  versus  frequency  plot  and  attach  to  data  sheet  5.15.2. 
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FM  DISCRIMINATORS 


DATA  SHEET  5.15.1 

TEST  Discriminator  Phase  Re 

MANUFACTURER _ 

SERIAL  NO. _ 

CHANNEL  SELECTOR  SERIAL  NO. 

CENTER  FREQUENCY _ 

LOWER  BAND  EDGE _ 


MODEL _ 

IRIG  CHANNEL  _ 

LOW  PASS  OUTPUT  FILTER  S/N 

UPPER  BAND  EDGE _ 

LOW  PASS  FILTER  CUTOFF _ 


LOW  PASS  FILTER  TYPE: 
TEST  PERSONNEL _ 


!_!CA 


!_|cd 


DATE, 


J_j Other _ 

LOCATION 


Frequency  at 
Signal  Generator 
Input  =  f, _ 


Modulation  Index 
(Peak  Dev./  f() 


Delay  (D) 
Measured  with 
Oscilloscope 


Relative  Phase 
Angle  (Degrees) 
(=360xDxf J _ 


FH  DISCRIMINATORS 

DATA  SHEET  5.a5,l  (Sample) 

TEST  Discriminator  Phase  Response  ( Procedure  1) 

MANUFACTURER _ X£2 _  MODEL  DEF _ 

SERIAL  NO. _ AJJC _  IRIG  CHANNEL _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY _ 1^8 _ kHz  UPPER  BAND  EDGE _ 122 _ kHz 

LOWER  BAND  EDGE _ 124 _ kHz  LOW  PASS  FILTER  CUTOFF  4  kHz 

LOW  PASS  FILTER  TYPE:  lI'CA  |E|CD  |~J Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


Frequency  at 

Signal  Generator 
Input  =  f.. 

Modulation  Index 
(Peak  Dev./  f;) 

Delay  (D) 
Measured  with 
Oscilloscope 

Relative  Phase 
Angle  (Degrees) 
f =360xDxf : ) 

4  kHz 

1.0 

207  us 

298.1 

3 

1.33 

207 

223.6 

2 

2 

207 

149. 

1 

4 

207 

74.5 

2 

1 

_ 207 _ 

149. 
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FM  DISCRIMINATORS 


DATA  SHEET  5.15.2 

TEST  Discriminator  Phase  Response  (Procedure.  _21 

MANU  F  ACTURER _ _ _  MODEL___ - 

SERIAL  NO. _ _ _  IRIG  CHANNEL  - 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N 


CENTER  FREQUENCY _ kHz  .  UPPER  BAND  EDGE. 


T.OWER  BAND  EDGE 

lfHZ  LOW  PASS  FILTER  CUTOFF 

LOW  PASS  FILTER  TYPE:  |IjCA 

TEST  PERSONNEL 

!  I  CD 

'  | Other 

DATE 

LOCATION 

siqnal  Generator 

Spectrum 

Analyzer 

White  Noise  Generator 

Attach  spectral  plots  with  full 

annotation. 
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NOTE 


Procedure  2  does  not  involve  incremental  point 
collection  but  provides  an  immediate  response  curve 
picture.  The  technique  used  is  the  same  as  plotting 
the  transfer  function  or  phase  characteristic,  or  both, 
of  a  filter.  In  this  case,  the  signal  generator 
discriminator  combination  is  the  "filter"  under  test. 


5.15.4  Data  Reduction 

5.15.4.1  Procedure  1  (see  data  sheet  5.15.1) 

The  data  in  tabular  form  Consists  of  an  independent  variable 
(frequency)  and  a  dependent  variable  (delay).  These  variables 
should  be  plotted  on  a  large  enough  scale  to  show  phase 
nonlinearity  (nonconstant  delay)  to  the  degree  required.  Delay 
may  be  converted  to  phase  angle  and  entered  on  the  last  data 
sheet  column.  Convert  delay  to  angle  by  multiplying  the  delay 
value  by  the  frequency  of  the  audio  oscillator  sine  wave  times 
360°  (see  data  sheet  5.15.1  sample). 

5.15.4.2  Procedure  2  -  The  analyzer  provides  the  phase  versus 
frequency  plot  directly.  These  graphics  should  be  attached  to 
data  sheet  5.15.2  (see  data  sheet  5.15.2  sample). 
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FM  DISCRIMINATORS 


DATA  SHEET  5.15.2  (Sample) 

TEST  Discriminator  Phase  Response  (Procedure  2) 

MANUFACTURER  XYZ _  MODEL _ Q££ _ 

SERIAL  NO.  ABC _  IRIG  CHANNEL  10 _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N  _ 

CENTER  FREQUENCY  5.400 _ kHz  UPPER  BAND  EDGE  5.805 _ kHz 

LOWER  BAND  EDGE _ 4.995 _ kHz  LOW  PASS  FILTER  CUTOFF  0.081  kHz 

LOW  PASS  FILTER  TYPE:  |X|CA  |X|CD  Other _ 

TEST  PERSONNEL _  DATE _  LOCATION _ 


+  180 


< 

C_> 


rsi  n 

nr  m 


• — 
•  co 

LO 


Ll.  Q- 


C_>  _J 
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O 


o 

CM 
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Data  Sheet  5.15.2  (Sample  Number  1)  (60Hz  Noise)  -  Constant  Amplitude  Phase  Response. 


Data  Sheet  5.15.2  (Sample  Number  2)  -  Constant  Amplitude  Phase  and  Amplitude  Response 


142  Hz 


+  180 


Data  Sheet  5.15.2  (Sample  Number  4)  -  Constant  Delay  Phase  Response. 


5.16  iwo  jagg  Intermedia  at ian  Test 


? 


5.16.1  Purpose  -  This  test  permits  the  measurement  of  distortion 
produced  in  a  subcarrier  discriminator  independent  of  the 
harmonic  distortion  present  in  the  modulation  source  or  produced 
in  the  FM  modulated  signal  generator.  The  results  of  this  test 
will  indicate  the  effects  of  significant  phase  nonlinearities  of 
the  channel  selectors  (BPIF)  which  are  generally  the  cause  of 
increased  distortion  with  higher  modulation  frequencies. 

5.16.2  Test  Equipment 

Audio  oscillator  (modulation  sources)  (2) 

Signal  generators  (2) 

Double  balanced  mixer 
Spectrum  (or  wave)  analyzer 
Oscilloscope 

5.16.3  Test  Method 

5.16.3.1  Setup  -  Connect  the  test  equipment  as  shown  in 
figure  5.16.1. 

5.16.3.2  Conditions 

5.16.3.2.1  Warm  up  all  equipment  according  to  specifications. 

5.16.3.2.2  Maximize  output  load  according  to  specifications. 

5.16.3.3  Procedure 

5.16.3.3.1  Install  LPOF  in  discriminator  to  reflect  a  deviation 
ratio  of  one  or  less  if  available.  Cutoff  frequency  of  LPOF  is 
equal  to  the  peak  deviation  of  the  subcarrier  channel  under  test. 

5.16.3.3.2  Calibrate  the  discriminator/oscilloscope  setup  at 
the  subcarrier  channel  deviation  limits,  adjust  the  center 
frequency  of  the  signal  generators  and  the  level  of  the  modula¬ 
tion  sources  to  produce  an  indication  on  the  oscilloscope  that 
has  an  envelope  shaped  like  a  sine  overlaying  a  minus  sine  wave. 
In  addition,  the  crests  of  the  signal  observed  should  extend  to 
the  subcarrier  channel  edges.  Under  this  condition,  the  input 
signal  is  being  equally  deviated  by  each  of  the  modulating 
signals  and  the  peak  deviation  of  the  composite  modulation  is 
the  rated  deviation  of  the  channel.  For  this  initial  setup, 
modulation  frequencies  (f,  and  f,)  of  20  and  25  percent  of  the 
LPOF  frequencies  are  recommended. 


) 
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NOTE 


The  center  frequencies  of  the  signal  generators  (fc1 
and  fc2)  shall  be  set  such  that  their  difference  (fc1 
-  fc2)  is  equal  to  the  discriminator  center 
frequency. 

The  output  of  the  double  balanced  mixer  shall  be  set 
to  0.3  Vrms . 

An  alternate  modulated  signal  source  is  a  single  FM 
signal  generator  modulated  by  the  composite  of  the 
two  tones  (f,  and  f2)  that  have  been  linearly 
summed.  This  approach  may  be  limited  by  the 
intermodulation  products  in  the  input  signal  to  the 
discriminator. 

5.16.3.3.3  Adjust  the  spectrum  (wave)  analyzer  to  individually 
measure  the  level  of  the  two  modulation  frequencies.  Record 
these  levels  on  data  sheet  5.16.1. 

5.16.3.3.4  Measure  and  record  the  level  of  the  intermodulation 
(IM)  component  located  at  the  difference  frequency  (f2-f,). 

5.16.3.3.5  Measure  and  record  any  IM  components  located  at 
2f1-f2  and  2f2-f,. 

5.16.3.3.6  Increase  the  modulation  frequencies  to  80  and  90 
percent  of  the  LPOF  frequencies  and  repeat  steps  5.16.3.3.3 
through  5.16.3.3.5. 

5.16.4  Data  Reduction  -  Express  the  IM  in  percentage  or  in  dB  with 
respect  to  the  desired  modulation  levels  (see  data  sheest  5.16.1 
sample) . 


NOTE 

The  IM  to  modulation  ratio  of  the  difference 
frequency  product  ( f 2—  f , )  normally  varies  as  the 
square  of  the  modulation  levels,  whereas  the  2f,-f2 
and  2f2-f,  components  normally  vary  as  the  cube  of 
the  modulation  levels.  Other  modulation  levels  may 
be  tried,  if  desired,  to  determine  if  the 
discriminator  under  test  follows  these  rules. 


FM  DISCRIMINATORS 


DATA  SHEET  5.16.1 

TEST  Two  Tone  intermodulation  Test 

MANUFACTURER _  MODEL _ 

SERIAL  NO. _  IRIG  CHANNEL 


CHANNEL  SELECTOR  SERIAL  NO. 

LOW 

PASS 

OUTPUT  FILTER  S/N 

CENTER  FREQUENCY 

kHz 

UPPER  BAND  EDGE 

kHz 

LOWER  BAND  EDGE 

kHz 

LOW 

PASS 

FILTER  CUTOFF 

kHz 

LOW  PASS  FILTER  TYPE:  { ~  j  CA 

1 

l 

|  |  CD 

j  J  Other 

TEST  PERSONNEL 

DATE. 

LOCATION 

Low  Frequency  Test 


f,  =  20%  of  LPOF  Frequency  =  _  Amplitude  of  f,  = 

f2  =  25%  of  LPOF  Frequency  =  _  Amplitude  of  f2  = 

Amplitude  of  f2  -  f,  Freq.  Component  =  _ v.dB* 

Amplitude  of  2f,  -  f2  Freq.  Component  =  _ V.dB* 

Amplitude  of  2f2  -  f,  Freq.  Component  =  _ v.dB* 


V.dB* 

y  i  dp* 


High  Frequency  Test 

f,  =  80%  of  LPOF  Frequency  =  _ 

f2  =  90%  of  LPOF  Frequency  =  _ 

Amplitude  of  f2  -  f,  Freq.  Component  • 
Amplitude  of  2f,  -  f2  Freq.  Component 
Amplitude  of  2f2  -  f,  Freq.  Component 


Amplitude  of  f,  = 
Amplitude  of  f2  “ 

_ V.dB* 

_ V.dB* 

_ V.dB* 


Strike  out  unused  units  (either  V  or  dB) . 
(See  attachments  1  and  2.) 


V.dB* 

V.dB* 
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FM  DISCRIMINATORS 


DATA  SHEET  5.16.1  ^Sample) 

TEST  Two  Tone  Intermodulation  Test 

MANUFACTURER _ XYZ _  MODEL  DEF _ 

SERIAL  NO. _ AfiC _  IRIG  CHANNEL  _ 

CHANNEL  SELECTOR  SERIAL  NO. _  LOW  PASS  OUTPUT  FILTER  S/N 

CENTER  FREQUENCY _ 64 _ kHz  UPPER  BAND  EDGE  68 _ kHz 

LOWER  BAND  EDGE _ 60 _ kHz  LOW  PASS  FILTER  CUTOFF  4 _ kHz 

LOW  PASS  FILTER  TYPE:  |I|CA  |XjCD  |“| Other _ 

TEST  PERSONNEL.. _  DATE _  LOCATION  _ 


Low  Frequency  Test 


f,  =  20%  of  LPOF  Frequency  =  800  Hz 

f2  =  25%  of  LPOF  Frequency  =  1000  Hz 

Amplitude  of  f2  -  f,  Freq.  Component  = 
Amplitude  of  2f,  -  f2  Freq.  Component  = 

Amplitude  of  2f2  -  f,  Freq.  Component  = 

f2+f1 

High  Frequency  Test 

f,  =  80%  of  LPOF  Frequency  =  3200  Hz 

f2  =  90%  of  LPOF  Frequency  =  3600  Hz 

Amplitude  of  f2  -  f1  Freq.  Component  = 
Amplitude  of  2f,  -  f2  Freq.  Component  = 

Amplitude  of  2f2  -  f,  Freq.  Component  = 

f2+fi 

Strike  out  unused  units  (either  V  or  dB) . 

(See  attachments  l  and  2.) 


Amplitude  of  f,  = 
Amplitude  of  f2  = 


XV  ^dB* 


- 

_ XV.  dB* 

-60.6 

XV.  dB* 

-60.6 

dB 

Amplitude 

Amplitude 

-62.9 

of  f,  = 
of  f2  = 
XV.  dB* 

-42.1 

XV.  dB* 

-46.1 

XV.  dB* 

-49.1 

dB 

-9.1  XV .  dB* 
-9.1  XV  .dB* 


-9.6  XV.  dB* 
-9.7  XV.  dB* 
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